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ROCK CREEK-CRESTA COMPLIANCE MONITORING REPORT -- 2002

1 INTRODUCTION

1.1 BACKGROUND

NFFR water temperatures in the Rock Creek and Cresta reaches reflect a combination of
conditions derived from several sources including; the upper North Feather River
(Federal Energy Regulatory Commission [FERC] Project 2105), flows from the
unregulatgd East Branch of NFFR, small tributary contributions, releases from Bucks
Creek Project (FERC Project 619), and flow within Project bypass reaches. The
temperature of water from Project 2105 is primarily determined by conditions at the non-
selective Prattville Intake in Lake Almanor. Pursuant to the Rock Creek — Cresta
Relicensing Settlement Agreement (Settlement Agreement), the Ecologiéal Resource
Committee (ERC) and Forest :Service (FS) have agreed to a post-license monitoring and
modeling study to determine if structurél modification of the Prattvi‘lle Intake is feasible,
and if these modifications can sustain water deliveries such that daily average
temperatures in the Rock Creek and Cresta reaches would be maintained below 20°C.
Pursuant to FERC Condition 4C of the Project License (iséued October 24, 2001),
témpergture monitoring is required during the summer months to determine if and to

what extent the 20°C temperature level can be met with reasonable control measures.

\

The Rock Creek-Cresta Hydroelectric Project License No.1962 required the Licenseé to

file a water temperature monitoring plan with FERC, which described the implementation

1-1
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(including a schedule for implementation) of the water temperature monitoring program
described in Condition No. 4C of the new Project License. The Rock Creek-Cresta water
temperature monitoring plan was prepared in consultation with the Rock Creek - Cresta

ERC and the FS and was implemented in June 2002.

The objective of the water temperature monitoring program is to:

1. Document summer water temperatures and flows in the Rock Creek and Cresta
reaches as well as in upstream areas tributary to the Project.

2. Install and monitor continuous temperatures at two telemetry stations installed at two
flow gaging stations in the Rock Creek and Cresta reaches.

3. Determine if mean daily water temperatures of 20°C or less can be met in the Rock
Creek and Cresta reaches to the extent that Licensee can reasonably control such
temperatures, particularly if a modified Prattville Intake is implemented.

4. Develop and verify a temperature model that predicts, with reasonable accuracy, the
temperature profile of the river based on data from two telemetered temperature
stations.

This report documents the results and subsequent analysis of the 2002 monitoring

program.

1.2 PROJECT SETTING

The Licensee’s North Fork Feather River Projects (FERC 2105 and FERC 1962) are
located on the North Fork Feather River (NFFR) watershed in northeastern California
(see Figure 1-1). The Project is located in Plumas County, approximately 90 miles
.northeast of Oroville, California, and encompasses approximately 30 river-miles of the

upper NFFR.

1-2
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The NFFR is part of the greater Sacramento River watershed and drains a large portion of
~ the easterﬁ Sierra-Cascade geqmorphic area in California. The NFFR watershed extends
from its headwater area originating on the southeastern slope of Mount Lassen to Lake
Oroville, traversing lands in Lassen, Plunias, and Buttg'counties. The main stem of the
Feather Rfver is formed downstream of Lak e Oroville; the North, Middle, and South
forks of the Feather River are impounded behind Oroville Dam which was cémpleted in

1967.

The monitoring program involved collecting data from facilities associated with the
Licensee’s Upper North Fork Feather River Project (F ERC 2105) and Rock Creek-Cresta
Project (FERC 1962). Both projects are part of a major hydroelectric generatioﬁ_network
that utilizes the water resources of the NFFR and its tributaries for hydroelectric power
generation. Downstream of these Projects is the Poe Project (FERC 2107) operated.by
the Licensee, and the Oroville Project (FERC 2100) owned by the State of Califorﬁia
Department of Water Resources (DWR). Delivering water to the NFFR upstream of

Licensee’s Rock Creek Powerhouse is the Licensee’s Bucks Creek Project (FERC 619).

‘ 1-3
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Figure 1-1. Regional location of study area.

1-4
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2 STUDY DESIGN

2.1 MONITORING PROGRAM

2.1.1 Monitoring Network

A first year of compliance water resource monitoring was initiated in May 2002, and
continued through September 2002. fhé monitoring program consisted of monitoring
continuous water temperature'and continuous stream flow data from selected locations.
All monitoring activities were conducted ‘by staff or contract personnel from the

Licensee’s Technical and Ecological Services, Land and Water Quality Unit.

A map of the system (Figure 2-1) depicts monitoring stations in relation to the major
Project featums such as powerhouses, reservoirs and bypass reaches. Station
identification, location, monitoring activity and the rationale for selection is shown in
Table 2-1. Results of the 2002 water resource monitoring effort are discussed in Section

3.

2-1
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Table 2-1

Upper NFFR Water Quality Sampling Locations

Alternate -

. Station . . Mon!t(.)m:g
Station ID Identification Station Location Activity
NF1 ———- NFFR above Chester, CA. F, TR
HB1 ---- Hamilton Branch of NFFR at HWY bridge TR,

NF-83 - Hamilton Branch Powerhouse F
HB2 —— Hamilton Branch Powerhouse — canal head-works TR
LA1-S e Lake Almanor near Canyon Dam - Epilimnion TR - buoy
LA1-B ——-- Lake Almanor near Canyon Dam - Hypolimnion TR - buoy
LA-P1 ---- Lake Almanor near Canyon Dam — near intake IS-P
LA~P2"  weov %ffliez )Almanor - Offshore of Prattville Intake IS-P
LA-P3 - Lake Almanor — middle of Eastern lobe (LA8) IS-P
LA-P4 -—- Lake Almanor;— middle of Western lobe (LA6) IS-P
LA-MET - Meteorological station on Prattville Intake M
NF-1. 11-399000 Lake Almanor near Prattville Lake storage
NF2 -— NFFR below Canyon Dam TR,
NF-2 11-399500 NFFR below Canyon Dam F
NF3 -—-- NFFR at Seneca TR
NF4 NF-47 (PG&E) NFFR above Caribou No.1 Powerhouse TR F
BV1 Butt Valley Powerhouse Tailrace TR,
NF-71 11-400600 Butt Valley Powerhouse F
CBV2ZS - BVR near Caribou No.1 Intake - Epilimnion TR - buoy
BV2B ---- BVR near Caribou No.1 Intake - Hypolimnion TR - buoy
BV-P1 ——-- BVR at Caribou No. 1 Intake IS-P
BV-P2 -—-- BVR near Cool Springs Campground IS-P
BV-P3 -—-- BVR near boat ramp IS-P
BV-P4A -—-- BVR near Caribou No.2 intake channel IS-P (special)
BV-P4B -—-- BVR at mouth of Caribou No.2 intake channel IS-P (special)
'NF-8 11-401050 Butt Valley Reservoir near Caribou (at dam) Lake storage
CARB --- Caribou No. 1 Powerhouse tailrace TR
NF-63 11-401110 Caribou No. 1 Powerhouse F
CARB2 -—-- Caribou No. 2 Powerhouse tailrace TR
CARB2B®  ---- Caribou No. 2 Intake channel bottom at structure TR
NF-263 11-401109 Caribou No. 2 Powerhouse F
BCP -—— Butt Creek upstream of Butt Valley Reservoir TR
NF-4 11-400500 Butt Creek below ABC tunnel, near BVR F
BC2D - Butt Creek downstream of Butt Valley Reservoir TR
BCH ———- Butt Creek near confluence with NFFR TR, F
BD1 - Belden Reservoir at powerhouse intake TR
NF-67 11-403050 Belden Reservoir Lake storage
NF-103 -—-- Oak Flat Powerhouse F '
“NF5 - NFFR below Belden Dam TR
NF-70 11-401112 NFFR below Belden Dam F
MCYL --- Mosquito Creek near mouth TR, F
INF6> e NFFR _near Queen Lily Campground TR

2-2
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A

Table 2-1 Continued

Alternate

Monitoring
Station ID I deiz?ttlic(::ion Station Location Activity '
. KNET—> - NFFR near Gansner Bar TR
lEBD> ——— East Branch of NFFR above confluence TR
NF-51 11403000 East Branch of NFFR above confluence F
NF8 ---- NFFR at Belden Town Bridge TR
|-BD2, --- Belden Powerhouse tailrace TR
NF-74 11-403050 Belden Powerhouse F ‘
YCr --- Yellow Creek near mouth . TR, F .
RCK-MET = ---- Meteorological station on Rock Creek Dam ° M
(CHIPR - Chips Creek near mouth ' TR, S
T NFFR below Rock Creek Dam TR
NF10° _— NFFR below Rock Creek Dam at NF-57 TR
- | NF-57 11-403200 NFFR downstream of Rock Creek Dam F .
LW - Milk Ranch Creek near mouth TR, F
(CHAM - Chambers Creek near mouth TR, S
(NELD ---- NFFR below Granite Creek TR
JCL - Jackass Creek near mouth - TR
NEL2 —- 'NFFR above confluence with Bucks Creek TR
(BUCKY 11-403700 Bucks Creek near mouth TR, F
NF-20 -—- ' Bucks Creek Powerhouse F
BUEKY, -—-- Bucks Creek Powerhouse tailrace TR
EFTD - NFFR above Rock Creek Powerhouse TR
®CD 11-403800 Rock Creek Powerhouse (internal) TR
NF-64 -— Rock Creek Powerhouse F
RC?> ——- Rock Creek near mouth TR, S
WF14 ---- NFFR below Cresta Dam TR .
@Rb ---- Grizzly Creek near mouth TR, F
(NF15 - NFFR downstream of Grizzly Creek TR
NF-56 11-404330 NFFR downstream of Grizzly Creek F
(NF16 ---- NFFR upstream of Cresta Powerhouse TR
%p -—-- Cresta Powerhouse(internal) TR
-NE=62 11-404360 Cresta Powerhouse _ F
MBI} Middle Fork Feather River at Milsap Bar TR

_ 2-3
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122.2METHODOLOGY

2.2.1 Flow Monitoring

Stream flow was monitored throughout the Project area in 2002 at a seven statioﬁs (NF1,
NF4, BC3, YC1, MR1, BUCKI, and GR1). Flow data were also obtained from
permanent stream flow gages and from powerhouses associated with the Project through
Pacific Gas and Electric Company’s Hydroelectric Department. Flow monitoring station

locatiohs are shown on Figure 2-1 and are described in Table 2-1.

Each of the temporary flow monitoring stations consisted of a Campbell CR510 digital
fecorder, associated Druck 5 psi pressure transducer and a stage pin. The stage pins and
pressure transducer were placed in-stream, while the digital recorders were locatéd on the
stream bank in locked enclosures. The digitél recorders were set to record instaritaneous
readings every 15 minutes, and stored this data as hourly average transducer valhes. All
data were stored in non-volatile memory. During routine site visits, stream fggge was

recorded, and stored hourly average transducer data were downloaded to computer.

A simple linear regression was used to define the relationship between transducer
readings and the associated stream stage measurements 4t each station. Average hourly
transducer readings were then converted into average hourly stream stage readings using
the resultant regression equation. The cdnversion to a stage value based on a fixed
reference (stage pin) facilitated year to year comparison of flow measurements and

allowed for correction for error associated with transducer drift.

| 2-4
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Stream flow measurements were made at each station during routine site visits at

transects located near each gaging station. Measnrenrents were ‘made using U. S.
Geologrcal Survey (USGS) approved stream ﬂow nrewasnrement techmques (Buchanan
1980). All measurements were made using a Price AA-type flow meter, and 5-foot top-
setting wading rod. The errors associated with measurements made in the river were -

estimated at 10 to 15% due to the large substrate and abundant amount of vegetation in

the channel. Measurements made in the tributary creeks had an estimated error of 8 to

10%. The primary objective;c of the routine flow' measurements {was to:c

et

cover the range of

bserved flows in order to develop a stage-flow rafing equatiof

The relationship of stream stage to stream flow (stage-ﬂow rating) was developed using
flow measurements and the associated stage pin readings collected during rontine site
visits. The resultant stage-flow rating was used to convert average hourly stage readings
into average hourly ﬂow The rating is only applicable to ﬂovv .w1ttun the defined range
of stage and is also subJect to changes in the hydraullc cOA%Qi All 1nstrumentat10n-

installed in situ was removed during months when seasonal hlgh flows could damage the

equipment.

Daily flow at four tributary streams (Mosquito, Chambers, Chips, and Rock creeks) was
estimated based on periodic flow measurements, A linear decay between measurements
was assumed to generate a daily flow estimate. A staff gage (stage pins) was installed at
each of these stations to periodically measure stream stage. A total of at least four
measurements were made at each station between June and September.

1
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3:1:22.2.2 Meteorological Monitoring

Local meteorology was monitored to_provide input to the stream temperature model.
Two temporary stations were placed in the Project area. One station was located on the
Prattville Intake at Lake Almanor; another Was located on Rock Creek Dam (Figure 2-1).
These stations effectively represent conditions in the upper and middle portion of the
Project. Parameters that were measured includeci; average wind speed and directioﬁ, air
temperature, relative huinidify, and solar radiation. These parameters were monitored
continuously using a Campbell Scientific Model CR10 data logger. Data were collected

at 1-second intervals and reduced to hourly average readings.

31:32.2.3 Temperature Monitoring ’

The temperature-monitoring program/&sed recorders from three different manufactures tﬂ

fionitor temperature during the 2002 effort. The bulk of the data loggers d@l”&iﬁ?d’ij@

system were Vemco Minilog 12T recorders! | These units técorded CONtinmous
[temperature data as instantaneous readings_taken at 20-minute intervals, ﬂlese data are

then converted into hourly average temperatures. Campbell Scientific Model CR510

recorders were used at seven stations to monitor temperature. These recorders were also

used to record continuous stream stage (flow) at the same locations (Table 2-1). ( The)

A T S T e g

(Cﬁ'l'oﬁlmﬁntinuou_s ”tei_11perature mmly‘ave‘ra‘g‘erb‘ased‘dn}

readings taken—at—15-minuté infervals) A final type of recorder deployed during the

monitoring program was the Omnidata Model DP112. These units were placed at six
locations; these recorders were used exclusively on Project powerhouses (Caribou No. 1,

No. 2, Belden, Rock Creek, and Cresta). The tailrace characteristics of these facilities

| 2-6
© 2003, Pacific Gas and Electric Company




Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

dictated that the temperature;sensors be installed internally in the powerhousé. The

3 @TI’Z”loggﬁrs recorded continuous temperature data as héﬁriy;dverages~based~ohj

{__readings taken af S-mln@m

Stream temperature sensors were typically deployed in well-mixed areas with elevated

velocify and turbulent flow to ensure representative measurements. In general,

continuous monitoring of temperature was conducted @ﬁun_e throuéh Sepiember _ _ >

During the period June through September 2002, vertical profiles were collected from 4
locations on Lake Almanor and from three locations on Buft Valley Reservoir to
determine the magnitude and seasonal development of thermal gradients. Profiles were

defined using 1-meter verticaljspac'ing from the surface to the bottom.

R VPN ey

In addition to the synoptic proﬁles collected at the three Project reservoirs, yertical

Loy

temp

B2

T e e ey x T iy
atures' in Lake Almanor and Butti Valley were continuously

Te

1neachreserV01r (Figure 2-1). A thermistor array consisting of Vemco Model Minilog
12T recorders positioned at two depths, near the surface (1.0 meters below surface) and
near the bottom (2 meters jabove bottom . to resting on bottom depending on lake
elevation), was ‘placed at each location. The thermistor array was suspended from a buoy |

so that each recorder was maiﬁtainéd at a fixed depth below the surface.
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To verify the operation and accuracy of the temperature recorders, the' units were

merican Society. for Testing and Materials. (ASTM)  reference

meter, both prior to and following removal from the in situ deployment. Typical

instrument error is between 0.1 and 0.2°C.

Temperature records from instruments placed internally or in the tailrace of the various
Project powerhouses were corrected to reflect periods of powerhouse operation. This
process was done on an hourly basis by comparing powerhouse load records with
temperature reéorder data. This processed helped eliminate periods when there was little

or no flow through the powerhouse and temperatures reflected stagnate conditions.
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Figure 2-1. Map of station locations used dunng the 2002 monitoring program.
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3 MONITORING RESULTS - 2002

5.1 HYDROLOGY AND METEROLOGY

3.1.1 Streamflow and Reservoir Operation

The Licehsee’s Upper NFFR Project encompasses the water resources and aquatic
habitats of the upper NFFR drainage basin (from Lake Almanor to the NFFR confluence
with Yellow Creek [headwatérs of Rock Creek Reservoir]). The majority of flow
entering the Project originates from water first stored in Lake Almanor. Water is then
passed downstream through a series of powerhouses and associated forebays. The
Licensee’s Rock Creek- Cresta Project exicompasses the water resources of the middle
portion of the NFFR basin, extending from the coqﬂuence of Yellow Creek to the

headwaters of Poe Reservoir.

In addition to the permanent flow monitoring stations, the Licensee installed a series of

3qpport. @f thetemperaturemodelmgeff_'ort* Table 3-1 summarizes streamflow data from

these temporary flow-monitoring stations.
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Table 3-1

Summary of 2002 stream flow monitoring at permanent and temporary stations.

. Daily Average Flow'  Powerhouse Data
Station " Year  Month max min mean Operation® Days
NFFR near 2002 June 397 214 298 - 30
Chester (NF1) 2002 July 212 139 175 --- 31
[Estimated] 2002 Aug 136 112~ 120 - 31
2002 Sept 111 97 104 —— 30
Hamilton Branch 2002 June 85.5 69.7 76.8 L 30
at A13 Bridge 2002 July 95.0 67.7 76.8 --- 31
(HB1) 2002 Aug 78.0 75.8 76.5 --- 31
[Estimated] 2002 Sept 76.2 61.0 71.7 - 30
Hamilton Branch 2002 ©  June 38 32 34 100% 30
Powerhouse 2002 July 35 0 23 69% 21
(NF-83) 2002 Aug 92 11 79 97% 30
[Corrected] 2002 Sept 79 35 72 100% 30
NFFR below 2002 June 36.5 36.5 36.5 - 30
Canyon Dam 2002 July 36.9 36.1 36.5 - 31
(NF-2) 2002 Aug 36.1 35.2 35.8 --- 31
[Permanent] 2002 Sept 352 34.7 34.9 --- 30
NFFR above 2002 June 83.2 71.6 80.1 - 30
Caribou PH 2002 July 773 74.9 75.9 --- 31
- (NF4) 2002 Aug 75.4 73.3 74.2 --- 31
[Temporary] 2002 - Sept 73.5 712 . 727 - 30
Butt Valley 2002 ° June 1084 0 115 6.5% 4
Powerhouse 2002 July 1283 0 746 49% 29
[Corrected] 2002 Aug 1439 159 984 63% 31
(NF-71) 2002 Sept 1615 504 1436 90% 30
Butt Creek at ABC 2002 June 71.8 48.3 562 --- 30
Tunnel (NF-4) 2002 July 47.6 43.6 - 456 --- 31
[Permanent] 2002 Aug 43.8 42.1 42.9 - 31
2002 Sept 42.4 40.9 41.6 - 30
Butt Creek at 2002 June 14.2 14.0 14.1 --- 30
Mouth 2002 July 14.2 13.7 139 == 31
(BC3) 2002 Aug 143 . 141 - 142 - 31
[Temporary] 2002 Sept 14.6 14.1 14.3 -— 30
Caribou No. 1 2002 June 325 0 21 4% 5
Powerhouse 2002 . July 564 0 285 47% 29
(NF-63) 2002 Aug 744 129 516 67% 31
[Corrected] 2002 . Sept 716 247 503 . 2% 30
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Table 3-1 (Continued)

Daily Average Flow ’ Powerhouse Data

Station Year Month max min mean Operation®> Days
Caribou No. 2 2002  June 722 108 245 98% 30
Powerhouse 2002 July 735 0 332 90% 28
(NF-263) 2002 Aug 719 33 484 100% 31
2002 Sept 1070 245 912 100% 30
QOak Flat 2002 June 0 116 105 - 29
Powerhouse 2002 July 0 116 64.5 - 19
(NF-103) 2002 Aug 111 116 114 --- 31
2002 Sept 0 114 49.2 --- 26
NFFR below 2002 June 145 143 144 --- 30
Belden Dam 2002 July 144 142 143 - 31
(NF-70) 2002 Aug 144 142 143 --- 31
[Permanent] 2002 Sept 143 62 69 --- 30
Mosquito Creek 2002 June 7.5 5.1 6.2 - 30
" At mouth 2002 July 5.1 42 4.6 --- 31
(MC1) 2002 Aug 4.1 4.0 4.1 - 31
[Estimate] 2002 Sept 42 4.1 4.1 --- 30
East Branch 2002 June 334 117 187 --- 30
NFFR near NFFR 2002 July 118 51.4 79.9 --- 31
(NF-51) 2002 Aug 60.9 45.0 525 --- 31
[Permanent] 2002 Sept 62.0 48.8 55.9 --- 30
Belden 2002 June 830 0 121 12% 7
Powerhouse 2002 July 1216 0 518 48% 29
(NF-74) 2002 Aug 1504 241 1001 73% 31
2002 Sept 1513 677 1108 91% 30
Yellow Creek 2002 June 117 64.5 81.5 --- 30
Near mouth 2002 July 63.6 524 56.9 -—- 31
(YC1) 2002 Aug 53.7 508 ° 522 --- 31
[Temporary] 2002 Sept 54.0 48.8 51.3 - 30
Chips Creek 2002 June 107 33.8 64.3 --- 30
Near mouth 2002 July 333 18.2 25.7 --- 31
_(CHIP) 2002 Aug 17.7 14.4 15.5 -—- 31
[Estimate] 2002 Sept 143 12.4 13.3 - 30
NFFR below 2002 June 1133 170 267 - 30
Rock Creek Dam 2002 July 774 150 216 --- 31
(NF-57) 2002 Aug 553 191 209 --- 31
--- 30

[Permanent] 2002 Sept 650 196 229
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Table 3-1 (Continued)

Daily Average Flow' Powerhouse Data

Station Year Month max min  mean Operation? Days
Milk Ranch Creek 2002  June 9.8 6.4 8.2 - 30
Near mouth 2002 July 6.2 4.1 5.0 -, 31
(MR1) 2002 Aug 4.2 34 3.7 --- 31
[Temporary] 2002 Sept 35 32 33 --- 30
Chambers Creek 2002  June 469 9.9 252 --- 30
Near mouth 2002 July 9.7 4.6 4.1 e 31
(CHAM) 2002  Aug 4.4 3.0 3.5 --- 31
[Estimate] 2002  Sept. 3.0 25 2.7 --- 30
Bucks Creek 2002  June 24.1 19.0 217 --- 30
Near Mouth 2002 July 18.8 13.8 16.1 - 31
(BUCK1) 2002,  Aug 13.7 10.7 12.1 --- 31
[Temporary] 2002  Sept 135 10.2 122 --- 30
Bucks Creek 2002  June 51 5 19 29% 27
Powerhouse 2002  July 194. 1 83 36% 26
(NF-20) 2002  Aug 228 0 113 44% 21
2002 Sept 237 109 171 92% 30
Rock Creek 2002  June 1342 204 479 98% 90
Powerhouse 2002  July 1358 97 756 100% - 31
(NF-64) 2002 Aug 1596 184 1095 100% 31
2002  Sept 1744 422 1466 100% 30
Rock Creek 2002. June 445 8.9 21.6 - 30
Near mouth 2002  July 8.7 3.0 5.8 - 31
(RC2) 2002  Aug 2.8 2.1 23 - 31
[Estimate) 2002 Sept 2.1 1.7 1.9 --- 30
Grizzly Creek 2002 June 388 289 336 - 30
Near mouth 2002  July 284 20.0 24.1 - 31
(GR1) 2002  Aug 202 15.1 17.5 - 31
[Temporary] 2002  Sept 16.9 12.9 14.6 --- 30
NFFR below 2002  June 1109 271 321 e 30
Grizzly Creek 2002  July 805 235 265 - 31
(NF-56) 2002  Aug 568 236 260 - 31
[Permanent] 2002  Sept 667 240 262 --- 30
Cresta 2002  June 1576 243 600 66% 30
Powerhouse 2002 July 1457 12 820 55% 30
(NF-62) 2002 Aug 1698 216 1135 63% 31
2002  Sept 1898 544 1658 82% 30

1. Daily values are based on hourly average data, month statistics represent the
maximum, minimum, and mean based on these hourly average flows.

2. Percent powerhouse operation is based on hourly generation data.
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31113.1.1.1 Lake Almanor and tributaries

The major tributaries feeding into Lake Almanor are the NFFR at Chester with an historic
average annual flow of approximately 335 cfs, the Hamilton Branch with an historic
average flow of 190 cfs, and a number of minor tributaries including Benner, Last

Chance, and Bailey creeks.

Flow in the NFFR upstream of Lake Almanor (which provides an estimated 50 percent of
the annual inflow to Lake Almanor) is derived from headwaters that originate on the
slopes of Mount Lassen. During the 2002 monitoring program, flow in the NFFR
upstream of Lake Almanor was measured at a temporary stream gage (NF1) located
upstream of the city of Chester, CA. Mean daily flow at this station for the period June-
September 2002 ranged from 97 to 397 cfs, averaging 174 ofs. Figure 3.1 compares daily

average flow from the NFFR with other stations tributary to Lake Almanor.

. Flow in the Hamilton Brandh (which provides 20 to 25 percent of the annual inflow to
Lake Almanor), originates from the Licensee’s Mountain Meadows Project (to be
amended to the Application for New Lfcense, FERC License 2105). During the 2002
monitoring program, flow in the Hamilton Branch was measured upstream of Lake
Almanor at a temporary stream gage (HB1). This station is located near the confluence
with Lake Almanor, and is downstream of a vseries of small diversion facilities that
diverts flow into a canal that supplies the Licensee’s Hamilton Branch Powerhouse.
During the June-September 2002 monitoring period, estimated mean daily flows in the
Hamilton Branch upstream of Lake Almanor ranged from 61 to 95 cfs, with an average

3-5
© 2003, Pacific Gas and Electric Company




" Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003 .

flow of 75 ofs. Figure 3.1 compares daily, average flow from the, Hamilton Branch with

other stations tributary to Lake Almanor:

The second location monitoring flow in the Hamilton Branch system as inflow to Lake
Almanor is the Licensee’s Hamilton Branch Powerhouse (NF-83). This facility is located

near the mouth of the Hamilton Branch River and discharges directly into Lake Almanor

(Figure 2-1). During the June-September 2002 monitoring period,' mean daily flows at

the Hamilton Branch Powerhuse averaged 52 cfs and ranged:from 0 to 92 &fs.

3.1 compares daiiy average flow from Hamilton Branch Powerhouse with other stations

tributary to Lake Almanor.

Lake Almanor is the primary storage reservoir for the Upper NFFR Project; it is located
about 90 miles upstream of the city of Oroville. Lake Almanor was created by the
construction of a hydraulic fill dam now referred to avs Canyon Dam. Canyon Dam was
completed in various phases between 1913 and 1927. Lake Almanor has a normal
maximum water surface elevation of 4,504 ft (USGS datum) and a storage capacity of
1,142,00 acre-ft. The average residence tir;ue in Lake Almanor is approximately 291
days. Major lake outlets inclpde the Canyon Dam Intake, which releases water to the
NFFR downstream of Lake Almanor (Seneca Reach), and. the Prattville Intake that
diverts water to Butt Valley Reservoir through Butt Valley Powerhouse. Figure 3-2
presents daily average reservoir storage for Lake Almar;o; for the June through

September 2002 monitoring period.
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Releases from the Prattville Intake to Butt Valley Reservoir represent the greatest portion
of water released from Lake Almanor. The maximum flow through the intake is 2,200
cfs. The Prattville Intake i.s a high-Froude number structure; as a result, water is drawn
from the entire water column regardless of thermal stratification conditions. The tunnel
invert is situated at the bottom of a narrow steep-sided trough that connects the relatively
'shallow intake channel with the deeper areas of the reservoir. The invert of the Prattville
Intake is located at 4,420' ft. (USGS datum). However, access to the deeper areas of Lake
Almanor is restricted by the shallow approach channel that has a base elevation of 4,432
ft (USGS datum). As a result, the water withdrawn by the Prattville Intake is primarily

from the warmer layers in the lake.

3:1:1:23.1.1.2 Butt Valley Reservoir and tributaries

The mairi source of inflow to Butt Valley Reservoir is the discharge from Butt Valley

Powerhouse (NF-71), which draws water from Lake Almanor through the Prattville
Intake. During the June-September 2002 monitoring period, mean daily flows in Butt
Valley Powerhouse averaged 20 ofs and ranged fiom 0 to 1,615 cfs. Figure 3-3
compares daily average flow through Butt Valley Powerhouse with those from the other

powerhouses associated with the Upper NFFR Project.

Butt Creek is the only significant natural tributary entering Butt Valley Reservoir.

During the June-September 2002 monitoring period, mean daily flows in Butt Creek (NF-
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On an annual basis, the Bﬁtt Valley Reservoif water surface élévatibns fluctuate by about
10 to 15 feet from the maximum water surface elevﬁtion of 4,142 ft. (USGS datum).
Under normal operating conditions, daily changes in elevatién are typically less than 1
foot. The retention time for water traveling through the reservoir is 14 to 32 days
depending on operating conditions. Figure 3-4 presents average daily storage for Butt

Valley Reservoir for the June ihrdugh September 20002 monitofing period.

The primary outflow from the Butt Valley Reservoir is through the intakes for CariBou
No. 1 and No. 2 powerhouses. The Caribou No. 1 Intake has a capacity of about 1,100
cfs and is located in the deepest area of Butt Valley Reservoir near the dam. The Caribou
No. 1 Intake tunhei invert elevation is at 4,077 ft. (USGS datum). The actual Caribou
No. 1 Intake structure is located in a Sm;dll depression zolne. ReQent 'bathymetric surveys
(April 1996), indicated that the main approach channel has an elevation of 4,095 ft.
(USGS datum). Caribou No. 2 Intake has a larger capacity (1,460 cfs), and is located in a
shallow channel with an entrance elevation (channel invert) of 4,110 fi. (USGS datum).

Because of the higher invert ;elévation, the Caribou No. 2 Intake withdraws warmer

surface water from the reservoir.

No controlled minimum release is made from Butt Valley Dam to the Butt Creek channel
- downstream of the reservoir. : The reservoir ra;ely spills due to the large combined
outflow capability of Caribou No. 1 and No. 2 powerhouses (2,560 cfs). The Licensee
has monitored leakage flows in Butt Cregk below, Butt Valley Dam since 1997 to ensure

. {
that leakage flows were not reduced after seismic restoration work on the dam was
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completed in 1997. The average annual leakage flow is about 0.07 cfs (32 gallons per
minute [GPM]). Flow conditions in Butt Creek below Butt Valley Dam will be discussed

in the following Section.

1+-31-133.1.1.3 Seneca Reach of the NFFR and tributaries

The Seneca bypass reach (Seneca Reach) consists of a 10.8-mile section of the NFFR
extending from Canyon Dam to Caribou No.l Powerhouse. A seasonally constant
fninimum of 35 cfs is released from Canyon Dam to the NFFR in accordance with Article
26 of FERC License 2105. Flows are measured by the Licensee in cooperation with the
USGS at a permanent gaging station (NF-2) located approXimately 0.5 mile downstream
of the release structure. During t}jcJ'ungfs:épt‘emb‘c::r»:Z:O‘OZZ mpn“_i:torir_ig_.peri‘od;mégiirl daily
flows in NFFR below Canyon Dam (NF-2) ranged from 34.7 to 36.9 cfs, and averaged

35.9 cfs.

Butt Creek enters the NFFR approximately 1.25 miles upstream of Belden Forebay. Butt
Creek is the largest of the NFFR tributaries in the Seneca Reach. There are no minimum
flow requirements for Butt Creék below Butt Valley Reservoir. Flows in Butt Creek
downstream of Butt Valley Dam consist primarily of spring flow accretion, supplemented
with leakage from the Butt Valley Dam, and tributary inflow from Benner, Creek. D_i_lring
the June-September 2002 monitoring period, mean daily flows in Butt Creck near its
 confluence with the NFFR (BC3) ranged from 13.7 to 14.6 cfs, with an average flow of

14.1 cfs.
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The monitoring station located on the NFFR above Caribou Powerhouse (NF4) is also the
site of a discontinued permanent gage (NF-47). This station captures the total flow
entering Belden Forebay from the Seneca Reach. During; the| June-September 2002
monitoring period, mean daily flows in NFER above Caribou;Powerhouse from 71.2 to

83.2 cfs, and averaged 75.7 cfs:

The total mean daily tributary and lateral accretion flows were calculated for the entire
Sencca Reach. For the June through September 2002 period tributary flows ranged from
36.0t0.46.7 cfs, and averaged 39.8 cfs. The measured range of accretion (36.0 to 46.7

cfs) constitutes a 103 to 133 percent dilution effect under the existing 35 ofs in-stream

release from Canyon Dam.

31:143.1.14 ﬁeldén Forebay and Caribou Powerhouse complex

Belden Reservoir is located on the NFFR approximately 10.8 miles downstream of
Canyon Dam. Belden Forebay forms the afterbay for the Caribou Powerhousgs, and is the
forebay for Belden Powerhouse. The forebay was created by av rock-filled dam in 1958
and has a maximum water surface elevation of 2,985 fi. (USGS datum) and a usable
storage capacity of 2,477 acre-ft. Under normal operation, thg water surface elevation
fluctuates between 2,960 ft. and 2,973 fi. depending on power operations. Lake Almanor
and BLi_tt Valley Reservoir control the majority of upstream run-off; as a result, spill
events at Belden Dam are rare. Belden Forebay has no storage capability and therefore .

the operation of the Caribou Powerhouses is closcly coordinated with the operation of
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Belden Powerhouse as well as Licensee’s other downstream powerhouses. The average

residence time in Belden Reservoir is estimated at approximately 0.5 to 1.0 days. -

The majority of flow éntering Belden Forebay originates from Butt Valley Reservoir and
is discharged through the Caribou No. 1 and No. 2 powerhouses. These‘powerhouses
have average annual flow rates of 615 and 674 cfs, respe;:tively (Pacific Gas and Electric
Company 1999). Additional inflow is received from the Seneca Reach of the NFFR; the
average annual inflow from this source is approxiniately 120 cfs. Caribou No. 1 was °
completed in 1921 and Carib.ou No. 2 was completed in 1958. Depending on water
availability and power requirements, one or both powerhouses may be used. The
generating units at Caribou No. 2 are more efficient than those at Caribou No. 1, and their

operation is favored.

Du‘.ringk{hf-é_.Tuhé@éptékrﬁfbei'HiZOOZi’rfxiani-idri“ﬁ‘g pAe'rfibd,’ mean daily ﬂojwis at C.arifb'ou No,i
Powerhouse (NF-63) ranged from 0 to 744 cfs, and averaged 331 cfs. Flow through the
Caribou No. 2 Powerhouse (NF-263) during 2002 ranged from 0 to 1,070 cfs, and
averaged 493 cfs. Figure 3-3 compares daily average flow through the Caribou No.1 and
No.2 powerhouses with those from the other powerhouses associated with the Upper

NFFR Project.

The primary outflow from Belden Forebay is through an intake structure located on the

left bank (looking downstream) near Belden Dam. This intake provides flows of up to
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2,610 cfs to Belden Powerhouse, which is locatedv on Yeliow Creek imrhediately
upstream of the confluence of Yellow Creek with the NFFR. Water released from
Belden Powerhouse enters the NFFR at its confluence with Yellow Creek; this flow
enters the Licensee’s Rock Creek Reservoir immediately downstream. DunggtheJune-
September 2002 monitoring period, mean daily flow at Belden Powerhouse (NF-74)
ranged from 0 to 1,513 cfs, and averaged 687 cfs. Figure 3-3 compares daily average
flow through Belden Powerhouse with those from the other'powerhouses associated with

the Upper NFFR Project.

11:31:53.1.1.5 Belden Reach of the NFFR and tributaries.

‘The Belden bypass reach (Belden Reach) is a 9.3-mile section of the NFFR extending
from Belden Dam to the confluence of the NFFR and Yellow Creek. Prior to J uly 1985,
releases from Belden Forebay to the NFFR immediately downstream of the Belden Dam

- were made from a low-level release in the dam or its upper spillway gates. Oak Flat
Powerhouse was completed in 1985 and operates on the instream flow release made at
the base of Belden Forebay Dam. To .accommodate the two flow rates the turbine has a
high flow and a low flow runner. These runners are changed in the spring-and fall. This
change-out takes a few days and during this time the instream flow is met by releasing
water through the pressure release valve at the end of the outlet pipe so that a continuous
release is maintained. _During the June-September 2002 moriitoring period, mean daily
flows through Ok Flat Powerhouse (NF-103) ranged from 0 6116 fs, and averaged 83
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Under the terms of FERC License 2105 and the California Department of Fish and Game
(CDFQG) agreement, the Licensee releases a minimum of 140 cfs from thé last Saturday in
April to Labor Day and 60 cfs during the rest of the year to the NFFR downstream of
Belden Dam for the maintenance of fish life in the Belden Reach of the NFFR. The
instream flow releases from Belden Dam are measured at a compliance stream gage
located approximately 0.5 mile downstream of the Belden Dam-Oak Flat Powerhouse
complex. During the V;Ti‘iﬁe-mSiéﬁt‘é’niber 2002 monitoring period, mean daily flows in the

NFER below Belden Dam (NF-70) ranged from 62.1 to 145 cfs, and averaged 125 cfs.

MosquftoCreek is the largest tributary to the NFFR between Belden Forebay and the
NFFR confluence with the East Branch NFFR (EBNFFR). Flows in Mosquito Creek
typically range from 2 to 10 cfs during the period June through September (Pacific Gas
and Electric Company 1987). Flows in Mosquito Creek were esﬁmated based on
periodic flow measurements and regression comparison to monitored flows in Yellow
Creek. Based on this estimation, mean daily flows during the June-September 2002

monitoring period ranged ﬁfth 4.0t07.5 _cfs, and averaged 4.8 cfs.

The EBNFFR is a large unregulated tributary of the NFFR with an average annual flow
of 1,031 cfs (Pacific Gas and Electric Company 1999). The EBNFFR and the NFFR
merge approximately 1.75 miles upstream of the confluence with Yellow Creek. Winter
and spring flows in the EBNFFR are sufficient under most conditions to allow the
- Licensee to operate the Upper NFFR Project such that water is stored in Lake Almanor

until required by the downstream production facilities. During the June-September 2002
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R

monitoring period, mean daily flows in EBNFER ranged.ffoni45.0:to 334 cfs, with an

average 0f 93.7 fs.

YéﬁowgCreek is one of the larger tributary streams contributing to the NFFR downstream
of the confluence with the EBNFFR. Typical flows in Yellow Creek range from 40 to
170 cfs 'during the June through September period (Pacific Gas and Electric Company

1986a, 1987). Flows were calculated based on hourly averagé stage data, and a rating

developed using periodic flow measurements. Flow during June through Septémber 2002

- ranged from 48.8 to 117 cfs, averaging 60.5 cfs.

1:1:1-63.1.1.6 Rock Creek Reach of the NFFR and tributaries

Rock Creek Reservoir is located on the NFFR approximately 3.0 miles downstream of
Belden Pc;werhouse. Rock Creek Reservoir forms the afterbay for Belden Powerhouse,
and is the forebay for Rock Creek Powerhouse. The forebay was created by a concrete
dam in 1950 and has a maximum water surface elevation of 2,216.2 ft. (USGS datum).
Rock Creek Reservoir's original Qperating capacity of 4,400 acre-feet at 2,216.2 ft. has

been significantly reduced (greater than 50%) by sediment accumulation.

Cths Greek is a major tributary of the .NFFR, discharging directly into Rock Creek
Reservoir. Flows in Chips Creek were estimated based on periodic flow measurements

and an assumed constant rate of hydrologic decay. Based on these data,meiliflidallwalmulmvé1
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during the June-September 2002 monitoring period ranged from 12.4 to 107 cfs, and

averaged 29.7 cfs.

The Rock Creek bypass reach (Rock Creek Reach) is an 8.4-mile section of the NFFR
extending from Rock Creek Dam to the tailrace of Rock Creek Powerhouse. Under the
terms of the FERC License (Dated October 24, 2001), the Licensee released a minimum
of 220 cfs in June, and 180 cfs from July through November in 2002. A more detailed
discussion of the minimum release requirements is contained in Appendix A of the FERC

License.

The instream flow releases from Rock Creek Dam to the Rock Creek Reach of the NFFR
are measured at a permanent stream gage located approximately 1.5 miles downstream of
the dam. During the June-September 2002 monitoring period, mean daily flows in the
NFFR below Rock Creek Dam (NF-57) ranged from 150 to 1,133 cfs, and averaged 230

cfs.

Milk Ranch Creek is one of several tributaries to the Rock Creek Reach of the NFFR.
Flows in Milk Ranch Creek were monitored using a temporary flow monitoring gage
installed near the mouth. Flows were calculated based on hourly average stage data, and
a rating developed using periodic flow measurements. Mean daily flows during the June-

September 2002 monitoring period ranged from 3.3 to 9.8 cfs, and averaged 5.0 cfs
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e

CharnbersCreék is another of the streams tributary to the ch}g Creek Reach of the
NFFR. Flows in Chambers Creek were estimated based on pe;ibdic flow measurements
and an assumed constant rate of hydrologic decay. Based on these dataﬂme@_&ﬁl y flows
during the June-September 2002 monitoring_period ranged from 2.5 to 46.9 cfs, and

averaged 9.6 cfs.

Flows in Buc?lEéiCregﬁ were monitored using a temporary flow monitoring gage installed
near the mouth. Flow in Bucks Creek originates from Lower Bucks Reservoir. Flows

were calculated based on hourly average stagé data, and a rating developed using periodic

period ranged from 10.2 to 24:1 cfs, and averaged 15.5 cfs.

The source of flow to Bucks Powerhouse is Grizzly Forebay, which receives diversion
flow from Bucks Lake and Lower Bucks Lake. Bucks Powerhouse has a maximum
capacity of 340 cfs; flows are released to the NFFR immediately upstream of Rock Creek

Powerhouse. During the June-September 2002 monitoring| period,; mean daily. flow at

Bucks Powerhouse ranged from 0 to 237 cfs, and averaged 97 cfs (Figure 3-5).

The primary outflow from Rock Creek Reservoir is through an intake structure located on
the right bank (looking downstream) near Rock Creek Dam. This intake provides flows
| .

of up to 3,560 cfs to Rock Creek Powerhouse, which is located on the NFFR upstream

Cresta Reservoir. During the June-September 2002 monitdring period, mean daily flow

ot e T uiutusiutihain
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at Rock Creek Powerhouse ranged from 97 to 1,744 cfs, and averaged 949 cfs: Figure 3-
5 compares daily average flow through Rock Creek Powerhouse with those from the

other powerhouses associated with the Rock Creek-Cresta Project.

Rock Creek is the last major tributary stream to the Rock Creek section of the NFFR;
flows enter.the NFFR at the upper end of Cresta Reservoir. Flows in Rock Creek were
estimated based on periodic flow measurements aﬁd an assumed constant rate of
hydrologic decay. Based on these data, mean daily flows during the June-September

2002 monitoring period ranged from 1.7 to 44.5 ofs, and averaged 7.9 cfs.

}1:173.1.1.7 Cresta Reach of the NFFR and tributaries

Cresta Reservoir is located on the NFFR immediately downstream of Rock Creek
Pdwerhouse, and acts as the afterbay for this facility. Cresta Reservoir forms the
afterbay for Rock Creek Powerhouse, and is the forebay for Cresta Powerhouse. The
forebay was created by a concrete dam in 1949 and has a rﬁaximum water surface
~elevation of 1,681.20 fi (USGS datum). The original capacity of 4,410 acre-feet has

been significantly reduced by accumulated sediments.

Rock Creek flows enter the NFFR at the upper end of Cresta Reservoir. Flows in Rock
Creek were estimated based on periodic flow measurements and an assumed constant rate
of hydrologic decay. Based on these data, mean daily flows during the June-September
2002 monitoring period ranged from 1.7 to 44.5 cfs, and averaged 7.9 cfs
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The Cresta bypass reach (Cresta Reach) is a 4.9-mile section o.f the NFFR extending from
Cresta Dam to the tailrace of Cresta Powerhouse. Under the terms of the FERC License
(Dated October 24, 2001), the Licensee released a minimurn of 240 cfs in June, and 220
cfs from July through Noven’lber 2002. A more detailed discussion of the minimum

release requirements is contained in Appendix A of the FERC Licéﬁse.

Flows in Grizzly Creek were monitored using a temporary flow monitoring gage installed
near the mouth. Flows were calculated based on hourly average stage data, and a rating
developed using periodic flow measurements. Mean ;daily/ 'fiows during the June-

September 2002 monitoring period ranged from 12.9 to 38.8 ¢ff, and averaged 22.4 ofs.

The instreamv flow releases from Cresta Dam to the Cresta Reach of the NFFR are
measured at a permanent stream gage located approximately 2.8 miles downstream of the
dam, and 2.4 miles downstream of Grizzly Creek. During the June-September 2002
monitoring period, mean daily flows in the NFFR below Rock Creek Dam (NF-56)

ranged from 235 to 1,109 cfs, and averaged 277 cfs.

The primary outflow from Cresta Reservoir is through an intaké structure located on the
left bank (looking downstream) near Cresta Dam. This intake provides flows of up to

3,700 cfs to Cresta Powerhouse, which is located on the NFFR upstream Poe Reservoir.

During the June-September 2002 monitoring_period, mean_ daily flow at Cresta
3-18
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Powerhouse ranged from 12 to 1,898 cfs, and averaged 1,053 cfs: Figure 3-5 compares
daily average flow through Cresta Powerhouse with those from the other powerhouses

associated with the Rock Creek-Cresta Project.

3-1:23.1.2 Meteorology

3.1.2.1 2002 Regional Precipitation

Mean annual precipitation in the upper NFFR watersheds ranges from a low of 20 inches
(in eastern portions of the EBNFFR watershed), to a high of 90 inches in the
northwestern part of the watershed near Mount Lassen (California Data Exchange Center
[CDEC] 2001). Most of the precipitation in the basin occurs from October through May,
with maximum storm intensities occurring December through March.  Winter
precipitation at higher elevations usually occurs as snow, although warm winter storms
can produce rain up to the 10,000-ft level. The typical April 1 snow accumulations range
from 2 inches of water at an elevation of 5,800 ft, to 32 inches of water at 6,700 fi.
(CDEC 2001). Larger snow accumulations occur on Mount Lassen, with an average
April 1 snow-water-equivalent of 78 inches. The mean annual precipitation within the
Project area ranges from about 30 to 40 inches (CDEC 2002). Table 3-2 summarizes

precipitation data from the available stations in the Project vicinity.
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“Table 3-2

Summary of Precipitation Data from Meteorological Stations in the Upper NFFR Project Vicinity.

Water Year* (inches) : Annual
Station YEAR Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug.  Sept. Total
Chester 2002 1.94 443 245 14 2.17 3.15 2.02 1.67 0 0 0 0 19.23
4,525 ft. % of Normal 97% 119%  47% 23% 41% 78% 93% 114% 0% 0% 0% 0% 60%
Average 2.01 3.73 5.24 6.00 5.24 4.02 2.18 1.46 093 0.23 0.28 0.60 31.92
Canyon Dam 2002 1.1 5.19 8.2 3.84 2.6 354 125 1.14 0.02 0 0 0 26.88
4,560 ft. % of Normal  48% 117% 126% 51% 41% 69% 45% 69% 3% 0% 0% 0% 70%
Average 2.28 4.44 6.49 7.58 6.30 5.11 2.76 1.65 0.78 0.18 0.29 0.58 38.44
Greenville 2002 1.41 8.28 10.87 3.92 2.39 444 1.52 0.98 0 0 0 0 33.81
- RS %ofNormal 55% 155% 174% 54% 38% 83% 5% - 63%-. 0% 0% 0% 0% 86%
3,570 ft. Average 255 535 6.26 7.22 626 . 535 2.68 1.55  0.78 0.26 0.36 0.78 39.40
Caribou PH 2002 1.18 6.53 7.39 5.23 2.51 3.88 -1.84 0.95 0.12 0.1 0 0 29.73
2,986 ft. % of Normal  50% 141% 107% 65% 36% 1% 60% 56% 15% 91% 0% 0% 73%
Average 2.34 4.62 6.92 7.99 6.88  5.50 3.06 1.71 079 ~ 0.11 0.20 0.55 40.67-
* Water year is period October 1 through September 31 ‘
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Table 3-2 Continued.

Snow Survey Data from the Greater NFFR Watershed Area

2002 April 1 Water

Average April 1

~ Elevation Equivalents Water Equivalents
Station (ft. USGS) (inches) (inches)
Lower Lassen Peak 8,250 79.1 79.8
Mount Dyer 1 7,100 26.6 253
Mount Dyer 2 6,050 17.8 16.1
Harkness Flat 6,200 29.8 28.5
Mount Stover 5,600 12.7 16.0
Feather River Meadows 5,400 249 22.6
Warner Creek 5,100 17.9 14.9
Humbug Summit 2 4,850 13.4 16.1
Chester Flat 4,600 3.6 6.5
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Y

The data from the four stations presented in Table 3-2: broadly/define conditions in the

upstream watersheds and inimediate Project’arcal  Total precipitation during the 2002

water year (October 2001 to September 2002) averaged 72 % of normal (4 stations).

11.1:23.1.2.2 2002 Monitoring at Prattville Intake and Rock Creek Dam

Two temporary meteorological stations were installed in the Project vicinity during the

2002 monitoring period. One station was located at the: Prattville Tntake on Lake
Almanor; another station was located on Rock Creek Dam. Data from these stations
were used as input to the SNTEMP model for calibration and validation, The data

collected at these meteorological stations in 2002 are summarized in Table 3-3.
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Table 3-3

Summary of 2002 Meteorological Data from Projéct Area

Prattville Intake Station

Daily Average ' Data
Station Units Year Month Max Min Mean  Days
Air Temperature (°C) 2002 June 20.0 9.5 16.6 30
2002 July 25.0 18.1 20.6 31
2002 Aug 234 133 18.6 31
2002 Sept . 20.1 9.3 15.3 30
Relative Humidity (%) 2002 June 66 37 49 30
2002 July 70 29 45 31
2002 Aug 53 27 41 31
2002 Sept 73 31 43 30
Solar Radiation (watts/S) 2002 June 337 211 305 30
2002 July 326 163 286 31
2002 Aug 287 181 244 31
2002 Sept 220 122 184 30
Wind Speed (mph) 2002 June®  4.83 0.94 1.44 30
2002 July 1.21 0.93 1.10 31
2002 Aug 2.88 0.99 1.20 31
2002 Sept 3.46 0.83 1.21 30
Rock Creek Dam Station
. Daily Average ’ Data
Station Units Year Month Max  Min Mean Days
Air Temperature (°C) 2002 June 25.0 16.5 22.0 30
2002 July 30.1 23.6 26.0 31
2002 Aug 29.0 18.7 23.8 31
2002 Sept 259 14.5 20.8 30
Relative Humidity (%) 2002 June 55 21 38 30
2002 July 47 23 34 31
2002 Aug 42 20 31 . 31
2002 Sept 62 22 32 30
Solar Radiation (watts/S) 2002 June 312 238 290 30
2002 July 302 209 279 31
2002 Aug 276 223 248 31
2002 Sept 228 62 193 30
Wind Speed - - (mph) 2002 June 3.99 2.34 3.26 30
2002 July 3.84 217 3.01 31
2002 Aug 3.52 2.40 3 31
2002 Sept 4.31 2.57 3.15 30
1: Base on hourly average data.
3-23

© 2003, Pacific Gas and Electric Company




Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

123.2 WATER TEMPERATURE

3.2.1 2002 Monitoring

As discussed in Section 2.2.3, water temperatures were contintously monitored during

the ?mhmeronQjQwi Due to the voluminous nature of this data, the information
presented in the following section will summarize the data collected during the
y-ofhourlyaverag

monitoring effort. | Appendix A presents asummarn

For consistency with the temperature level specified for the Licensee’s Rock Creek
Cresta Project (FERC 1962) (Pacific Gas and Electric Company 2000b), daily average
data are used throughout this document unless otherwise specified. Table 3-4 summarizes

the daily average water temperature data collected during the 2002 program.
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Table 3-4
Summary of Daily Average Water Temperatures from UNFFR — 2002

Daily Temperatures ' Daily Range * Data

Station Year Month  max min mean max min mean Days
NFFR at 2002 June 154 9.6 12.7 7.5 3.6 6.6 30
Chester 2002 July 16.8 147 15.7 7.6 39 6.4 31
(NF1) 2002 Aug 16.1 12.8 14.2 6.7 42 57 31
2002 Sept 14.0 9.8 115 ° 54 2.8 44 30
Hamilton 2002 June 124 10.1 11.8 5.6 3.6 5.1 30
Branch at 2002 July 12.6 11.5 12.0 54 3.7 49 31
Road bridge 2002 Aug 12.7 11.0 11.8 7.1 39 4.5 31
(HB1) 2002 Sept 11.7 9.3 104 4.1 2.0 3.6 30
Hamilton 2002 June 134 10.9 12.6 7.9 5.0 7.3 30
Branch 2002 July 14.0 124 133 8.0 5.3 7.3 21
Powerhouse 2002 Aug 19.1 16.1 17.5 5.2 34 44 30
(HB2) 2002,  Sept 17.0 9.5 144 5.1 22 3.8 30
Lake Almanor 2002 June 22.5 16.9 19.7 4.1 0.7 1.6 30
at Canyon Dam 2002 July 253 21.7 23.6 23 0.7 1.3 31
near surface 2002 Aug 254 21.8 231 ° 1.6 0.5 1.0 31
(LA1-S) 2002 Sept 22.5 18.1 20.0 1.6 03 1.0 30

Lake Almanor 2002 June 9.3 82 8.9 0.6 0.1 0.2 30
at Canyon Dam 2002 July 10.4 9.3 9.9 0.6 0.2 03 31

near bottom 2002 Aug 11.2 10.5 10.8 0.7 0.3 0.4 31
(LA1-B) 2002 Sept 114 11.1 11.3 0.4 0.1 03 30
NFFR below 2002 June 11.9 10.6 11.3 25 0.5 1.0 30
Canyon Dam 2002 July 13.0 11.8 12.5 1.6 0.5 0.8 31
(NF2) 2002 Aug 134 12.9 133 1.0 03 0.6 31
2002 Sept 14.1 13.3 13.7 1.7 0.5 1.0 30
NFFR at 2002 June 147 11.8 13.5 4.6 32 4.2 30
Seneca Bridge = 2002 July 15.7 14.2 15.0 4.7 3.0 39 31
(NF3) - 2002 Aug 15.6 13.5 14.5 4.0 29 33 31
2002 Sept 14.6 12.2 134 3.0 14 2.5 30
NFFR above 2002 June 15.6 12.3 14.3 43 2.0 37 30
Caribou PH 2002 July 16.8 15.0 15.9 4.1 2.0 33 31
(NF4) 2002 Aug 16.3 13.9 15.0 37 23 3.0 31
2002 Sept 15.0 12.1 134 3.0 1.1 23 30
Butt Valley 2002 June 16.1 14.8 15.5 8.4 14 34 4
Powerhouse 2002 July 21.7 17.8 20.2 53 1.2 31 29
[Corrected] 2002 Aug 219 204 21.2 3.1 03 0.8 31
[(BV1) 2002 Sept 21.3 17.9 19.3 1.3 0.3 0.6 30
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Table 3-4 (Continued)

Daily Temperatures ! Daily Range 2 Data

Station Year Month max min mean max . min mean Days
| Butt Valley Res. 2002 . June 22.1 183 . 20.1 2.9 ) 1.2 30
at Caribou Intake 2002 July 24.4 22.1 233 2.0 0.6 1.1 31
Near surface 2002 Aug 24.0 21.7 22.7 1.9 0.5 09 . 31
[IBYZ-S) 2002 Sept 22.2 18.4 20.1 1.6 0.3 08 30
Butt Valley Res. 2002 June 11.9 9.4 104 08 0.2 05 ; 30
at.Caribou Intake 2002 July 18.5 11.9 15.0 1.6 04 08 ' 3
Near bottom 2002 Aug 20.8 18.7 20.0 0.7 0.1 05 . 31
{(BV2-B) 2002 Sept 20.6 18.2 19.3 0.5 0.1 02 .= 30
Butt Creek above 2002 June 15.1 ‘11.6 13.9 7.5 5.1 6.5 30
Butt Valley 2002 July 16.0 13.7 14.7 7.1 4.7 6.0 31
Reservoir 2002 Aug 14.8 11.9 13.1 6.2 4.2 54 31
(BC1) 2002 Sept 13.1- 9.5 11.1 5.0 2.5 4.1 30
Butt Creek below 2002 © June  10.7 10.4 10.6 0.7 04 0.6 - 30
Butt Valley 2002 July 10.8 10.6 10.7 0.6 0.4 0.5 31
Reservoir 2002 Aug 10.8 10.5 10.7 0.7 0.5 0.6 31
(BC2) 2002 Sept 10.7 10.4 10.5 0.6 03 0.5 30
Butt Creek at 2002 June 12.1 10.6 11.5 2.6 1.5 2.2 30
Mouth 2002 July 12.8 11.9 124 23 1.4 20 31
(BC3) 2002 Aug 12.9 11.7 124 24 1.7 19 31

2002 Sept 12.6 11.3 12.0 2.0 0.9 1.6 130

CaribouNo.1 2002 June 13.3 12.3 12.7 1.9 0.1 1.0 5
Powerhouse 2002 July 21.0 16.3 19.3 43 0.6 1.3 29
[corrected] 2002 Aug 21.9 21.2 214 2.6 0.2 0.9 31

(CARBI) 2002 Sept 213 18.2 19.7 0.9 0.3 0.2 30
Caribou No..2 2002 June 21.5 17.4 19.3 4.1 0.6 1.5 .30
Powerhouse 2002 July 24.0 219 23.2 2.7 0.6 1.1 28
[corrected) 2002 Aug 23.7 215 225 1.2 0.3 .07 31
(CARB2A) 2002 Sept 22.1 18.3 19.9 1.1 0.3 0.6 30
Belden Reservoir 2002 June 21.5 18.1 19.5 1.5 03 0.6 30
At Intake 2002 July 22.8 19.3 21.5 1.9 0.2 0.7 31
(BD1) 2002 Aug 22,6 214 219 0.9 0.3 0.5 31
2002 Sept 21.7 18.4 19.8 0.6 0.2 0.3 30

NFFR below 2002 June 18.9 159 17.4 14 - 03 0.6 30
Belden Dam 2002 July 21.1 17.8 19.4 1.3 0.3 0.8 31
(NF5) 2002 Aug 21.2 20.2 207 0.7 0.2 0.5 31

2002 Sept 20.9 16.8 18.8 2.8 0.4 0.5 30
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Table 3-4 (Continued)

Daily Temperatures ' Daily Range * Data

Station Year Month  max min mean max min mean  Days
Mosquito Creek 2002 June 144 114 13.0 23 14 2.0 30
At mouth 2002 July 15.6 13.8 14.7 24 14 20 31
(MC1) 2002 Aug 15.3 12.9 13.9 22 1.5 1.8 31
2002 Sept 13.7 11.3 12.2 1.7 1.0 1.5 30
NFFR near 2002 June . 19.0 15.7 17.1 39 2.5 34 30
Queen Lily 2002 July 21.1 18.1 19.5 42 2.6 33 31
Campground 2002 Aug 21.1 19.6 203 35 2.2 2.8 31
(NF6) 2002 Sept 20.9 19.3 18.0 4.7 24 35 30
NFFR near 2002 June 19.3 16.2 17.5 5.6 3.6 5.0 30
Gansner Bar 2002 July 213 18.5 19.7 6.0 35 4.9 31
(NF7) 2002 Aug 21.1 19.1 20.1 5.4 34 43 31
2002 Sept 20.5 16.1 17.6 5.5 2.6 42 30
East Branch 2002 June 22.3 17.8 20.8 4.6 2.5 39 30
NFFR at mouth 2002 July 25.5 224 23.8 4.0 1.8 29 31
(EB1) 2002  Aug 24.3 19.9 21.8 34 1.9 2.5 31
. 2002 Sept 21.6 15.9 18.2 2.8 1.1 2.0 - 30
NFFR at Belden 2002 June 21.2 17.1 19.4 5.2 4.2 4.7 30
Town Bridge 2002 July 229 20.4 21.4 53 35 4.6 31
(NF8) 2002 Aug 22.3 19.5 20.7 5.2 39 4.5 31
2002 Sept 21.0 16.1 18.0 44 22 34 30
Belden 2002 June 18.7 17.7 18.0 \1.0 04 0.7 7
Powerhouse 2002 July 22.5 19.0 21.2 1.9 0.1 0.6 29
(BD2) 2002 Aug 22.6 214 21.8 1.0 0.1 0.4 31
2002 Sept 21.7 18.3 19.8 0.6 0.2 03 30
Yellow Creek 2002 June 17.0 12.3 15.0 38 1.9 32 30
Near mouth 2002 July 18.6 16.0 17.1 3.5 2.0 29 31
(YC1) 2002 Aug 17.7 14.0. 15.6 3.1 2.0 29 31
2002 Sept 154 11.8 13.1 22 0.8 1.7 30
Chips Creek 2002 June 16.2 10.6 13.6 5.4 3.2 4.6 30
Near mouth 2002 July 17.9 15.4 16.8 5.8 3.7 4.9 31
(CHIP) 2002 Aug 17.7 145 159 5.6 4.0 4.7 31
2002 Sept 15.9 12.1 13.7 4.8 1.8 4.0 30
NFFR below Rock  --- - --- - --- - -— - -
Creek Dam - - --- --- --- --- --- --- -
(NF9) --- - - -—- --- --- - - -
NFFR at NF-57 2002 June 20.7 20.1 20.3 37 14 3.0 5
Insitu Recorder 2002 July 22,5 20.0 213 2.5 0.6 1.7 3
(NF10) 2002 Aug 22.1 20.5 21.2 2.0 1.1 14 31
2002 Sept 21.2 17.6 19.1 14 0.3 1.0 30
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Table 3-4 (Continued)

‘ Daily Temperatures ' Daily Range * Data
Station Year Month  max Min mean max . min mean . Days
Milk Ranch Creek 2002 June 16.0 10.6 14.0 53 3.0 4.7 30
Near mouth 2002 July 17.9 148 164 5.5 3.2 4.5 31
(MR1) 2002 Aug 17.2 13.3 15.0 4.8 3.1 3.9 31
2002 Sept 18.1 11.1 12.7 3.5 1.5 2.7 30
Chambers Creek 2002 June 16.5 9.0 13.7 6.3 3.1 5.0 30
Near mouth 2002 July 18.8 149 16.9 59 34 49 31
(CHAM) 2002 Aug 18.1 13.9 15.7 5.7 35 4.7 31
- 2002 Sept 16.3 11.6 13.8 5.1 1.8 4.1 30
NFFR near Tobin 2002 June 20.9 16.0 18.6 5.1 3.0 39 30
Blw Granite Crk 2002 July 22.8 20.2 21.5 43 26 3.5 31
(NF11) 2002 Aug 225  19.8 21.0 4.1 2.7 32 31
2002 Sept 21.0 17.3 18.8 3.5 1.5 2.7 30

Jackass Creek 2002 June 165 ~ 9.6 14.1 6.4 4.2 54 30
Near mouth 2002 July 18.9 15.0 17.0 6.1 3.2 4.6 31

(JKC1) 2002 Aug 18.3 13.7 159 4.5 29 3.7 31
2002 Sept 16.5 12.2 14.2 39 14 31 30

NFFR abv Bucks 2002 June: 21.0 159 186 52 2.7 3.6 30
Creek 2002 July 229 20.2 21.6 38 22 29 31
(NF12) 2002 Aug 22.6 19.7 21.0 3.6 24 2.8 31
2002 Sept 211 17.2 18.8 3.7. 1.3 2.5 30

Bucks Creek 2002 June 18.1 124 16.0 7.0 4.1 6.0 30
Near Mouth 2002 July 20.4 16.8 18.6 72 39 5.7 31
(BUCK1) 2002 Aug 19.3 14.8 16.9 6.2 35 48 31
2002 Sept . 17.1 12.0 14.0 4.6 1.6 3.5 30

Bucks Creek 2002 June . 18.6 13.2 15.6 2.9 0.0 1.4 27
Powerhouse 2002 July 18.9 15.6 16.7 3.6 03 1.1 26
(BUCK2) 2002 Aug 15.5 13.5 14.3 45" 0.3 1.5 21
2002 Sept. 137 12.6 13.0 23 0.2 0.6 30

NFFR abv Rock 2002 June 21.0 15.8 18.6 4.6 2.0 3.1 30
Creek Powerhouse 2002 July 22.8 19.4 20.7 4.6 1.9 33 31
(NF13) - 2002 Aug 218 17.6 19.3 53 1.9 3.7 31
2002 Sept 18.1 15.0 16.3 45 1.7 2.9 30

Rock Creek 2002 June 20.1 16.1 18.1 1.8 0.2 0.9 30
Powerhouse 2002 July 22.6 19.6 213 14 0.2 0.8 31
RC1) 2002 Aug 22.6 21.0 217 1.5 0.3 0.9 31

2002 Sept 21.7 18.4 19.8 14 0.4 0.8 31
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Table 3-4 (Continued)

Daily Temperatures ! Daily Range 2 Data

Station Year Month max Min mean max min mean Days
Rock Creek 2002 June 17.6 114 14.8 3.6 1.4 2.3 30
Near mouth 2002 July 19.7 16.5 18.1 2.7 1.47 2.1 31
(RC2) 2002 Aug 19.3 15.6 17.1 23 1.3 1.8 31
2002 Sept 17.1 13.7 14.8 1.9 0.4 1.3 30
NFFR abv Grizzly 2002 June 20.8 16.7 18.4 1.5 0.7 1.1 30
Creek 2002 July 22.2 20.3 21.2 1.6 0.5 1.0 31
(NF14) 2002 Aug 219 19.6 20.7 1.6 0.5 1.1 31
2002 Sept 20.5 17.1 18.5 1.3 03 0.8 30
Grizzly Creek 2002 June 18.3 12.7 15.9 4.0 2.7 3.6 30
Near mouth 2002 July 20.8 17.8 19.3 4.4 2.7 3.6 31
(GR1) 2002 Aug 20.5 16.4 18.0 38 2.6 31 31
' 2002 Sept '17.8 135 15.0 2.9 0.8 2.1 30
NFFR at NF-56 2002 June 20.9 16.2 18.4 32 1.0 2.6 30
blw Grizzly Crk 2002 July 22.1 20.4 21.3 3.2 1.8 2.5 31
(NF15) 2002 Aug 22.0 19.5 20.6 31 1.0 23 30
2002 Sept 20.5 16.9 18.4 2.6 0.9 3.1 30
NFFR abv Cresta 2002~ June 21.2 16.4 18.7 35 2.1 31 30
Powerhouse 2002 July 22.6 20.9 21.7 3.7 2.1 2.8 31
(NF16) 2002 Aug 224 19.6 20.9 31 1.6 2.4 31
2002 Sept 20.7 17.1 18.5 3.0 1.0 2.1 30
Cresta 2002 June 20.8 16.3 18.5 1.7 0.1 0.7 30
"Powerhouse 2002 July 22,5 204 21.4 1.3 0.1 0.8 30
(CR1) 2002 Aug 22.5 20.1 21.0 1.8 0.4 1.1 31
2002 Sept 20.7 17.3 18.7 1.6 0.3 0.6 30
Middle Fork . 2002 June 21.1 15.2 18.2 33 1.4 2.5 30
Feather River 2002 July 233 20.5 21.9 3.7 20 3.0 31
At Milsap Bar 2002 Aug 229 18.6 20.3 3.0 2.1 2.6 31
(MB1) 2002 Sept 19.9 16.2 17.3 2.6 1.6 2.2 26

1. - Daily values are based on hourly average data, month statistics represent the
maximum, minimum, and mean based on these hourly average temperatures. For
example, the maximum June temperature represents the maximum daily average
measured in June. See Appendix A for a summary of hourly data.

2. Daily range is calculated based on the daily maximum temperature minus the daily
minimum temperature. Monthly statistics are based on these daily range values.
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+3:1:13.2.1.1 Lake Almanor and Tributéries

Summer water temperatures 1n the NFFR upstream of Lake Almanor (near Chester)
(NF1) were monitored in 2002 by the Licenéee. This station was located in the NFFR '
upstream of the town of Chester and about 1 mile downstream of the Army Corp. of

Engineers flood diversion dam. ﬁunﬁlgthe_2902pr9gfarp,

verage temperatures at

station NF1a ranged from 9.6 to 16.8°C, anfjaveraged 13.3%/1The diel flixctiation in

temperature ranged from 2.8 to 7.6°C, and averaged 5.8°C in 2002,

Under the RockCreek-Cresta_Relicensing. Seftlement” Agrédiment (Pacific ‘Gas_and
Electric Company 2000b), a daily average water temperature ofi20°C or less is specified
as the desired watertemperaturelevel As part of the license, to the extent that can
reasonably be controlled the Licensee shall try to maintain conditions at or below this
- temperature level. For this reason, a comparison to this level was made at applicable
locations. At station NF1, daily average temperatures did not exceed 20°C during the
12002 June through Septefnber period. The .rnaximum hqufly average temperature
recorded at this station during the 2002 monitoring program was 20.1°C on July 11, 2002
(Appendix A). Table 3-5 compares daily average temperatures from each staﬁon with the
20°C levell. Figure 3-6 compares the daily average temperature from the NFFR with

other stations tributary to Lake Almanor.

3-30
© 2003, Pacific Gas and Electric Company



Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

Table 3-5

Summary of daily average temperature comparison with the 20°C level.

Days  Total
Greater Data Percent
Station Year Month  20°C Days  Exceedance

NFFR at 2002 June 0 30 0%
Chester 2002 July 0 31 0%
(NF1) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
Hamilton 2002 June 0 30 0%
Branch at 2002 July 0 31 0%
Road bridge 2002 Aug 0 31 0%
(HB1) 2002 Sept 0 30 0%
Hamilton 2002 June ;' 30 0%
Branch 2002 July 0 31 0%
Powerhouse 2002 Aug 0 31 0%
(HB2) 2002 Sept 0 30 0%
Lake Almanor 2002 June 13 30 43%

at Canyon Dam 2002 July 31 31 100%

near surface 2002 Aug 31 31 100%
(LA1-S) 2002 Sept 12 30 40%
Lake Almanor 2002 June 0 30 0%
at Canyon Dam 2002 July 0 31 0%
near bottom 2002 Aug 0 31 0%
(LA1-B) 2002 Sept 0 30 0%
NFFR below 2002 June 0 30 0%
Canyon Dam 2002 July 0 31 0%
(NF2) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
NFFR at 2002 June 0 30 0%
Seneca Bridge 2002 July 0 31 0%
(NF3) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
NFFR above 2002 June 0 30 0%
Caribou PH 2002 July 0 31 0%
(NF4) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
Butt Valley 2002 June 0 4 0%
Powerhouse 2002 July 20 29 69%

[Corrected] 2002 Aug 31 31 100%
(BV1) 2002 Sept 5 30 17%
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Table 3-5 (Continued)

Days Total
Greater Data Percent
Station 'Year Month 20°C  Days Exceedance
Butt Valley Res. -+ 2002 June 16 53%
at Caribou Intake . 2002 July 31 100%
‘Near surface 2002 Aug 31 100%
(BV2-S) 2002 Sept 14 47%
Butt Valley Res. 2002 June 0 0%
at Caribou Intake ' 2002 July 4 0%
Near bottom  * 2002 Aug 15 48%
(BV2-B) 2002 Sept 8 27%
Butt Creek above 2002 June 0 30 0%
Butt Valley 2002 July 0 31 0%
Reservoir 2002 Aug 0 .31 0%
(BC1) 12002  Sept . 0 30 0%
Butt Creek below 2002 June 0 30 0%
Butt Valley 2002 July 0 31 0%
Reservoir 2002 Aug O 31 0%
(BC2) 2002 Sept 0 30 0%
Butt Creek at 2002 June 0 © 30 0%
Mouth 2002 July 0 31 0%
(BC3) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
Caribou No. 1 2002°  June 0 5 - 0%
Powerhouse 2002 July 10 29 . 34%
{corrected] 2002 Aug 31 31 Y 100%
(CARBY) 2002 Sept 8 31 27%
Caribou No. 2 2002 June 8 30 27%
Powerhouse 2002 July 28 28 100%
[corrected] 2002 Aug 31 - 31 100%
(CARB2A) 2002 Sept 13 £ 30 43%
Belden Reservoir 2002 June 89 30 30%
At Intake 2002 July 28 31 90%
(BD1) 2002 Aug | 31 31 100%
2002 Sept 12 30 40%
NFFR below 2002 June 0 30 0%
Belden Dam 2002 July 7 31 23%
(NF5) 2002 Aug 31 31 100%
2002 Sept 6 30 20%
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Table 3-5 (Continued)

Days Total
Greater Data Percent
Station Year Month  20°C Days Exceedance
Mosquito Creek © 2002 June 0 30 0%
At mouth 2002 July 0 31 0%
MC1) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
NFFR near 2002 June 0 30 0%
Queen Lily 2002 July 7 31 23%
Campground 2002 Aug 23 31 74%
(NF6) 2002 Sept 2 30 7%
NFFR near 2002 June 0 30 0%
Gansner Bar 2002 July 13 31 42%
(NF7) 2002 Aug 18 31 58%
' 2002 Sept =~ 2 30 7%
East Branch 2002 June 21 30 70%
NFFR at mouth 2002 July 31 31 100%
(EB1) 2002 Aug 29 31 94%
2002 Sept 4 30 13%
NFFR at Belden 2002 June 8 30 27%
Town Bridge 2002 July 31 31 100%
(NF8) 2002 Aug 23 31 74%
2002 Sept 3 30 10%
Belden 2002 June 0 7 0%
Powerhouse 2002 July 25 29 86%
(BD2) 2002 Aug 31 31 100%
2002 Sept
Yellow Creek 2002 June 0 30 0%
Near mouth 2002  July 0 31 0%
(YC1) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
Chips Creek 2002 June 0 30 0%
Near mouth 2002 July 0 31 0%
(Chip1) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
NFFR at NF-57 2002 June 5 5 100%
Below Rock Crk 2002 July 29 . 31 94%
Dam (NF10) 2002 Aug 31 31 100%
2002 Sept 5 30 17%
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Days  Total
Greater Data Percent
Station Year Month 20°C Days  Exceedance
Milk Ranch Creek ' 2002 June 0 30 0%
Near mouth 2002 July 0 31 0%
(MR1) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
Chambers Creek 2002 June 0 30 0%
Near mouth 2002 July 0 31 0%
(Chaml) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
NFFR near Tobin 2002 June 6 30 20%
Blw Granite Crk 2002 July 31 31 100%
(NF11) 2002 Aug 29 31 94%
2002 Sept 4 30 13%
Jackass Creek 2002 June 0 30 0%
Near mouth 2002 July 0 31 0%
(JC1) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
NFFR abv Bucks 2002 June 6 30 20%
Creek 2002 July 31 31 100%
(NF12) 2002 Aug 28 31 90%
2002 Sept 4 30 13%
Bucks Creek 2002 June 0 30 0%
Near Mouth 2002 July | 2 31 6%
(BC1) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
Bucks Creek 2002 June 0 27 0%
Powerhouse 2002 July 0 26 0%
(BC2) 2002 Aug 0 21 0%
-2002 Sept 0 30 0%
NFFR abv Rock 2002 June 6 30 20%
Creek Powerhouse 2002 July 26 31 84%
(NF13) 2002 Aug 10 31 32%
2002 Sept 0 30 0%
Rock Creek 2002 June’ 1 30 3%
Powerhouse 2002 July 29 31 94%
(RC1) 2002 Aug 31 31 100%
2002 Sept 11 30 37%
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Table 3-5 (Continued)

Days Total
Greater Data Percent
Station Year Month 20°C Days Exceedance
Rock Creek 2002 June 0 30 0%
Near mouth 2002 July 0 31 0%
(RC2) 2002 Aug 0 31 0%
2002 Sept 0 30 0%
NFFR abv Grizzly 2002 June 4 30 13%
Creek 2002 July 31 31 100%
(NF14) 2002 Aug 27 31 87%
2002 Sept 4 30 13%
Grizzly Creek 2002 June 0 30 0%
Near mouth 2002 July 8 31 26%
(GC1) 2002 Aug 3 31 10%
2002 Sept 0 30 0%
NFFR at NF-56 2002 June 5 30 17%
blw Grizzly Crk 2002 July 31 31 100%
(NF15) 2002 Aug 26 30 84%
2002 Sept 4 30 13%
NFFR abv Cresta 2002 June 6 30 20%
Powerhouse 2002 July 31 31. 100%
(NF16) 2002 Aug 28 31 90%
2002 Sept 4 30 13%
Cresta 2002 June 5 30 17%
Powerhouse 2002 July 30 30 100%
(Crestal) 2002 Aug 31 31 100%
2002 Sept 5 30 17%
Middle Fork 2002 June 6 30 20%
Feather River 2002 July 31 31 100%
At Milsap Bar 2002 ©  Aug 16 31 52%
(MB1) 2002 Sept 0 26 0%

' 3-35
© 2003, Pacific Gas and Electric Company




Draft Rock Creek-Cresta Comphance Monitoring Report — Apnl 2003
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Water temperatures in the Hamilton Branch of the NFFR (Hamilton Branch) are
primarily a function of conditions in Mountain Meadows Reservoir and the eigrﬁﬁcant
accretion that occurs along its, entire length. Temperatures in the' Hamilton Branch tend
to be less variable and slightly cooler than those rneasured in the NFFR upstream of Lake
Almanor (NF1). :The HarnlltoSBranchstatron(Hﬁf) was located in the river below the
Peninsula Road Bridge; this station was positioned to be upstream of any backwater
effect associated with Lake Almanor. During the 2002 program, daily average

temperatures at é{é{iéﬁ“ﬁB’rf?‘EEﬁééﬁ" from 9.3 to 12.7°C, and aVéraged 11.5°C. 'The diel

7 S s e T

ﬂuctuatlon 1n temperature ranged frorn 2 0 t0,7:1°C, and average( ’4‘5 CméQdﬁ Figure

Tt

3-6 compares the daily average temperature from HB1 with other stations tributary to

Lake Almanor. The maximurh hourly average'temperature recorded af this station during

- the 2002 monitoring program was 17.1°C on:August 1; 2002 (Appendix A):: At station

HBI da11y average temperatures drd not exceed 20°C durlngi the June Septernber 2002

peri_Q_d_ (Table 3-5).

Water temperatures associated with flow through Hamilton Branch Powerhouse are a
function of conditions in Mountain Meadows Reservoir. The Hamilton Branch
Peerhouse statrdﬁiﬁ-lﬁ% was located in the diversion canal immediately upstream of

the head-works control structure. The powerhouse discharges dlrectly into Lake Almanor

from an elevated tailrace. During the . 12002 program, daily; average “temperatures at -

station HB2 ranged from 9.5 to 19.1%C; and averaged 14!5°C/ The diel! fluctuation in

ternperature ranged from 2.2 to 8. 0°C and averaged 5.7°C i 1n 2002 Figure 3-6 compares

the daily average temperature from HB2 with other stations tributary to Lake Almanor.
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The higher temperature values observed in the late part of the summer (August-
September) were associated with higher instream releases from Mountain Meadows
Reservoir, The maximum hourly average temperature recorded at this station during the
2002 monitoring program was 21.6°C on August 2, 2002 (Appendix A). Daily average

tejnﬁeratures d1d ngfke)yg'céed 20°C durmg the‘ J urié—Septerr}ber ‘2(‘)0211“)_ériod.

As discussed earlier, Lake Almanér is the primary storage reservoir on the NFFR. Lake
Almanor has a very large surface area with relatively moderate depths. Resource
monitoring indicates that near the Canyon Dam and Prattville intakes, Lake Almanor
undergoes thermal stratification (CDFG 1988; DWR 1999; Pacific Gas and Electric
Company 1982, 1984, 1986a, 1987, 2002). Thermal gradients typically begin to develop
relatively early in Lake Almanor (April-May). During June, the development of
temperature stratification is well underway. By July, a fully developed thermal structure
is present, including a well-developed epilimnion, thermocline, and hypolimnion. The
stratification is persistent throughout the summer, with the epilimnion growing
downward throughout the period and with turnover usually occurring in during the period

between late September and October.

The general pattern of temperature stratification near the Canyon Dam Intake was
continuously measured by a submerged array of digital recorders deployed in 2002. The
temperature recorders were set up on a cable attached to a buoy. As a result, the top

sensor remained approximately 0.5 meters below the surface, while the bottom sensor
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was typically 0 to 2 meters off of the bottom depending on lake elevation. Data from

2002 indicated that mean daily temperatures at the lake surface;(epilimnion) ranged from

165 fo 25/4°C during the Tune through Septéiiber period NiéaH Gaily tempeatires néai

the bottom (hypoliminion) ranged from 8.2,t0;11.4°C during the;same period, Figure 3-7

compares mean daily temperatures from the epilimnion and hypolimnion for 2002.

Summer temperature préﬁles in Lake Almanor show that a warm upper layer
(epilimnion) extends to a depth of about 9 meters and that a colder bottom layer
(hypolimnion) typically exists below a depth of 12 rnefers. The seasonal characteristics
of the Lake Almanor thermocline were defined using monthly vertical profiles. Figure 3-
- 8 compares monthly profiles from Lake Almanor near the Canyon Dam Intake (LA-P1)

for the period June through September 2002.

Vertical temperature profiles Were méasured at four locations, tovering the main body
and two longitudinal axes of Lake Almanor. Figure 3-9 compares monthly profiles from
each of the four profile stations. This figure illustrates the longitudinal thermal structure
present in Lake Almanor in 2002, - As illustrated by these figures, temperature profiles
.indicate that colder water is present only in stations located in the deeper portions of the.

lake, particularly near Canyon Dam (Pacific Gas and Electric Company 2002).
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3:1-1:23.2.1.2 Butt Valley Reservoir and tributaries

Butt Valley Reservoir is a long, narrow water body of moderate depth. The deepest areas
of the reservoir occur near the dam. Water temperature in Butt Valley Reservoir Vis
essentially driven by conditions in Lake Almanor and the physical configuration of the
Prattville Intakel. The operations of Butt Valley Powerhouse and the Caribou No. 1 and
No. 2 powerhouses are the primary controlling influences on the water resources leaving
Butt Valley Reservoir. Under typical conditions, only a limited volume of cold water is
available in Butt Valley Rese&oir during the summer. Contributions from Butt Creek are
eeasonally variable, but typically remain a relatively small portion of the total inflow to
the reservoir. The thermal structure of Butt Valley Reservoir is driven largely by the
physical configuration of the reservoir and the location and operation of the two Caribou

intakes.

Although perennial flow is present in Butt Creek upstream of Butt Valley Reservoir, the
primary source of flow into the reservoir is through Butt Valley Powerhouse.
Temperatures in the tailrace are representative of temperatures withdrawn from the
Prattville Intake in Lake Almanor (Pacific Gas and Electric Company 1986a). The Butt
Valley Powerhouse station (BV1) was located in the tailrace estuary downstream of the
powerhouse. The tailrace dischargcs directly into the original Butt Creek channel,
however, depending on lake elevation this area can exhibit flow characteristics ranging
from riverine to lakersturne. Durlng the 2002 program, da11y average temperatures at
station BV ranged from 14.8 to 21.9°C, and averaged 19.1°C. The diel fluctuation in

temperature ranged from 0.3 to 8.4°C, and averaged 2.2°C in 2002. The maximurh
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hourly average temperature recorded at this station during the 2002 monitoring program

was 22.6°C on August 1, 2007 (Appendix A).; The daily average|temperatufes at station

BV1 exceeded 20°C on 56 of 94 operational days (60%) during the 2002 June through
S'eptembex; period. Figure 3-510 compares daily average temperatures from BV1 with

other station tributary to Butt Valley Reservoir.

‘Temperatures in Butt Creek (BC1) were monitored upstream of the backwater effect from

Butt Valley Reservoir during the 2002 period!. During the 2002 program, daily average -

temperatures at station BC1 ranged from 9.5 to 16.0°C, and averaged 13.2°C.  The diel

fluctuation in temperature ranged from 2.5 107.5°C, and averaged 5.5°C in 2002. The
maximim hourly average femperature recorded af ths stafion dbfihg the 2002 monitoring
program was 18.9°C on July 11, 2002 (Appendix A). The daily average temperatures af
station BC1 did not exceed 2°C during the 2002 June throughSeptember period (Table

3-5).

A moderately pronounced thermal gradient does develop in Butt Valley Reservoir in the
late spring and early summer. However, as a result of the relatively shdrt retention time,
and depending on the frequency of usage of the Caribou No. 1 Intake (located in the
deeper portion of the lake), the limited cold water volume can be consumed in a few
weeks. In general, an identifiable thermocline was present in June and persisted through
July. By early August, a well-defined epilimhion was no longet present (Paciﬁc Gas and

Electric Company 2002).

3-40
© 2003, Pacific Gas and Electric Company



Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

The seasonal characteristics of the Butt Valley Reservoir thermocline in 2002 were
defined using monthly vertical profiles. Figure 3-11 compares monthly proﬁles from the
Butt Valley Reservoir near Caribou No. 1 Intake (BV-P1) for the period June through
September‘2002. As indicated by this data Butt Valley Reservoir was essentially

isothermal by August 2002.

Vertical temperature profiles were measured at three locations (BV-P1, BV-P2, BV-P3),
covering the longitudinal axis of Butt Valley Reservoir. Profiles measured from June
through September 2002 indicated little difference in thermal structure along the
longitude of the reservoir. Figure 3-12 illustrates the longitudinal thermal structure
present in Butt Valley Reservoir in 2002 by comparing monthly temperature profiles
from the three profile stations located in the reservoir. As illustrated by these figures the
general thermal structure is well established in the upper portion of the reservoir. The

data also indicate that the only area with cool water is located near the dam.

The -development of temperature stratification near the Caribou No. lllntake was
measured continuously by a submerged array of digital recorders deployed in 2002. The
temperature recorders were set up on a cable attached to a buoy. As a result, the top
sensor remained approximately 0.5 meters below the surface, while the bottom sensor
was typically 0.5 to 5 meters off of the bottom. Mean daiiy femperatilres recorded in the
epilimnion (BV2-S) of Butt Valley Reservoir near-the Caribou No. 1 Intake averaged
21.5°C, and ranged from 18.3 to 24.4°C for the period June through September in 2002.

Mean daily temperatures from the hypolimnion (BV2-B) ranged from 9.4 to 20.8°C, with
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o !

daily temperatures from the epilimnion and hypolimnion of Butt Valley Reservoir for
2002. As indicated by the data in this figure, the reservoir became isothermal (Iess than

2°C difference between top and bottom recorders) by late August.

To further evaluate the withdrawal characteristics. of the Caribou No. 2 Intake channel, a
series of special profiles were made at two locations near the mouth of the channel.
These profiles were taken in July, August, and October. The results of this investigation

are presented in Section 3.2.2.2.

1:1-1:33.2.1.3 Seneca Reach of NFFR

Water temperature in the NFFR below Canyon Dam is largely determined by the level at
which water is released from tﬁe lake through the Canyon Dam Infake‘ tower. At present,
the Licensee preferentially utilizes the lower gates as the source of fishwater releases.
The lower gates in combination with the upper gates the upper gates are used during
periods that require high flow releases. During the 2002 monitoring program, the lower

gates were used throughout the study period.

Water temperatures in the NFFR downstream of Canyon Dam (NF2) were monitored
‘approximately 0.25 miles downstream of the release structure during the 2002 monitoring -
effort. This station represents the initial conditions in the Seneca Reach and

corresponded with the location of the permanent flow monitoring station (NF-2). During
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the 2002 program, daily average temperatures at station NF2 ranged from 10.6 to 14.1°C,
and averaged 12.7°C. The diel fluctuation in. temperature ranged from 0.3 to 2.5 °C, and
averaged 0.9°C in 2002. The maximum hourly average temperature recorded at this
station during the 2002 monitoring program was 14.8°C on September 29, 2002
(Appendix A). The daily average temperatures at station NF2 did not exceed 20°C

during the June through September 2002 (Table 3-5).

Water temperatures in the NFFR at Seneca (NF3) were monitored approximately 60
- meters downstream of the Seneca Réad Bridge during the 2002 monitoring effort.  This
station represents conditions present in the middle of the Seneca Reach. During the 2002
program, daily average temperatures at station NF3 ranged from 11.8 to 15.7°C, and
averaged 14.1°C. The diel fluctuation in temperature ranged from 1.4 to 4.7°C, and
averaged 3.4°C in 2002. The maximum hourly average temperature recorded at this
station during the 2002 monitoring program was 17.4°C on July 11, 2002 (Appendix A).
The daily average temperatures at station NF3 did not exceed 20°C during the June

through September 2002 period (Table 3-5).

Water temperatures were monitored in the NFFR approximately 0.5 miles upstream of
Caribou Powerhouse (NF4) during the 2002 monitoring effort. ~ This station represents
conditions present at the end of the Seneca Reach. During the 2002 program, daily
average temperatures at station NF4 ranged from 12.1 to 16.8 °C, and averaged 14.6°C.

The diel fluctuation in temperature ranged from 1.1 to 4.3°C, and averaged 3.1°C in
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2002. The maximum hqurly average temperature recorded at this station during the 2002
monitoring program was 18.4°C on July 14, 2002 (Appendix A). The daily average
temperatures at station NF4 did not exceed 20°C during .the 2002 June through

September period (Table 3-5).

The magnitude of temperature changes occurril}g‘in the Seneca Reach depends on several
factors including which releaée gates are used, the magnitude of the release flow, the
magnitude of tributary inﬂo;vs, physical characteristics of the str‘eam‘ channel, and
meteorological conditions. To compare the relative change in témperature occurring
through the entire bypass reach, the daily average from NF2 Was compared with NF4.
~ The daily average temperatures at NF4 (upstream of Caribqu Powerhouse) averaged
1.9°C warmer in 2002, than at NF2 (below Canyon Dam) fof t};e June through September
period. These values represent the average heatiné occurring 'thrdugh the entire Seneca
Reach and calculate to a 0.2°C- per mile increase in temperatufé for 2002. Figure 3-14
compares the daily average temperatures at the three stations located in the Seneca Reach

in 2002.

111.43.2.1.4 Lower Butt Creek

As discussed previously, there is no release from Butt Valley Reservoir to the lower Butt
Creek channel. As a result, flows in lower Butt Creek are derived from various sources
of tributary and accretion inflows. Water temperature was measured at two locations in

Butt Creek downstream of Butt Valley Dam.
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The first station in lower Butt Creek was located .approximately 0.3 mile below the dam
(BC2). This station captured inflow from Benner Creek, leakage flows from Butt Valley
Dam, and the spring inflow that arises in the Butt Creek channel downstream of the
Benner Creek confluence. During the 2002 program, daily average temperatures at
station BC2 ranged from 10.4 to 10.8°C, and averaged 10.6°C. The diel température
fluctuation ranged from 0.3 to 0.7°C, and averaged 0.6°C in 2002. The maximum hourly
average temperature recorded at this station during the 2002 monitoring program was

11.2°C on August 1, 2002 (Appendix A). The daily average temperatures at station BC2

did not exceed 20°C during the June through September period 2002 (Table 3-5).

The second station in lower Butt Creek was located near the mouth (BC3). This station
was about 100 meters above the confluence with the NFFR. This station defines the

quality of inflow to the NFFR from the largest tributary in the Seneca Reach. During the
2002 program, daily average temperatures at station BC3 ranged from 10.6 to 12.9°C,
and averaged 12.1°C. The diel fluctuation in temperature ranged from 0.9 to 2.6°C, and
averaged 1.9°C in 2002. The méximum hourly average temperature recorded at this
station during the 2002 monitoring progra;rn was 14.0°C August 14, 2002 (Appendix A).
The daily average temperatures at station BC3 did not exceed 20°C during the June

through September period in either 2002 (Table 3-5). Figure 3-15 compares the daily

average temperatures from the two stations in lower Butt Creek in 2002.
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1.1.1.53.2.1.5 Belden Forebay and Caribou Powerhouse complex

Water temperature in Belden Forebay is primarily the result of the combined flows from
Caribou No. 1 and No. 2 Powerhouses. Other inflows to Belden Forebay originate from
the Seneca Reach of the NFFR. All three-inflow sources enter through the same channel

in the upper portion of Belden Forebay.

Water temperatures at Caribou No.l Powerhouse (CARB1) were monitored at an internal
location dug to the configuration of the tailrace at this facility. Water temperature data
* were processed to remove data from periods when the powerhouse was not operating and
water within the penstock was static and no discharge to the NFFR was Being made.
During the 2002 program, daily average temperatures at station CARBI1 ranged from 12.3
to 21.9°C, and averaged 18.3°C. Thevdiel fluctuation in temperature ranged from 0.1 to
4.3°C, and averaged 1.0°C in 2002. The maximum hourly avefage temperature recorded
at this station during the 2002 monitoring program was 22.2°C on August 17, 2002
(Appendix A). The daily average temperatures at station CARB1 exceeded 20°C on 49
of 95 opefational days (52%) during the 2002 June through September period (Table 3-

5).

Water temperatures at Caribou No. 2 Powerhouse (CARB2) were monitored direct from
the penstock at the main valve house. This location was chosen due to the configuration
of the tailrace at this facility, which is submerged by Belden Forebay. Water

temperature data were processed to remove data from periods when the powerhouse was
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not operating and water within the penstock was static and no discharge to the NFFR was
being made. During the 2002 program, daily average temperatures at station CARB2
ranged from 17.4 to 24.0°C, and averaged 21.2°C. The diel fluctuation in temperature
ranged from 0.3 to 4.1°C., and averaged 1.0°C in 2002. The maximum hourly average
temperature recorded at this station during the 2002 monitoring program was 24.7°C on
July 29, 2002 (Appendix A). The daily average temperatures at station CARB2 exceeded

20°C on 80 of 119 operating days (67%) during the 2002.

Water temperature was monitored in Belden Forebay near the Belden Powerhouse Intake
at a fixed depth. During tﬁe 2002 program, daiiy average temperatures at station BD1
ranged from 18.1 to 22.8°C, and averaged 20.7°C. The diel fluctuation in temperature
ranged from 0.2 to 1.9°C, and averaged 0.5°C in 2002. The maximum hourly average
temperature recorded at this station during the 2002 monitoring program was 23.0°C on
July 29, 2002 (Appendix A). The daily average temperatures at station BD1 exceeded

20°C on 80 of 122 days (66%) during the 2002.

Evaluation of water temperatures measured at BD1 and NFS5 from 2000, 2001, 2002
indicate that a thermal gradient exists in Belden Forebay. Due to the short retention time
in the forebay, this thermal gradient is likely the result of operational conditions within
the system (inflow from both Caribou powerhouses, Belden Powerhouse outflow, and
forebay water level fluctuations), and not ambieﬁt meteorological conditions. The 2002

data indicates that the difference between BD1 and NFS temperatures during the June
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through September period ranged from 0.6 to 3.0°C, and averaged 1.6°C. In all cases,
BD1 was warmer than NF5. This data indicates that to some degree cool water and warm
water are segregating as flows come into the forebay. This 'segregation is contined
downstream as the cooler water from the forebay is released to the Belden Reach through
Oak-flat i’owerhouse, and the warmer water is transported to Rock Creek Reservoir via

Belden Powerhouse.

As discussed, temperatures ai Belden Powerhouse (BD2) are essentially the same as
those measured in Belden Foiebay at BDI and primarily reflect the temperature of Biitt
Valley Reservoir water as released by the Caribou powerhouses, with some minor
modification due to mixing and heat exchango in Belden Forebay. Water temperatures at
Belden Powerhouse were monitored at an internal location due to the configuration of the
tailrace at this facility. Water temperature data were then processed to remove data from
periods when the powerhouse was not operating and water within the penstock was static
and no discharge to the NFFR was being made. During the 2002 program, daily average
temperatures at station BD2 ranged from 17.7 to 22.6 °C, and averaged 20.2°C. The diel
fluctuation in temperature ranged from 0.2 to 1.9°C, and'aveiaged 0.5°C in 2002. The
maximum hourly average temperature recorded at this station during the 2002 monitoring
program was 22.8°C on July 29, 2002 (Appendix A). lThe daily average temperatures at
station BD2 exceeded 20°C on 68 of 97 operational days (70%) during the 2002 June
through September period. Figure 3-16 compares the daily average temperatures at the

four stations associated with the Caribou Powerhouse-Belden Forebay oomplex in 2002.
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1.1.1.63.2.1.6 Belden Reach of the NFFR and tributaries

Water temperatures were recorded in the NFFR downstream of Belden Dam (NF5)
throughout the 2002 sampling seasons. This station represents initial conditions in the
Belden Reach and corresponds with the location of the pérmanent flow monitoring
station (NF-70). During the 2002 program, daily average temperatures at station NF5
ranged from 15.9 to 21.2°C, and averaged 19.1°C. The diel fluctuation in temperature
ranged from 0.2 to 2.8°C, and averaged O.I7°C in 2002. The maximum hourly average
temperatufe recorded at this station during the 2002 monitoring program was 21.5°C
August 1, 2002 (Appendix A). The daily average temperatures at station NF5 exceeded

20°C on 44 of 122 days (36%) during the 2002 June through September period.

Water temperatures were recorded in Mosquito Creek near its éonﬂuence with the NFFR
(MCl). Temperatures were comparatively cool with a relatively stable flow regime
suggesting a strong groundwater supply during non-runoff periods. Mosquito Creek
provides a cooling influence in the Belden Reach. During the 2002 program, daily
average temperatures at station MC1 ranged from 11.3 to 15.6°C, and averaged 13.5°C.
The diel fluctuation in temperature ranged from 1.0 to 2.4°C, and averaged 1.8°C in
2002. The maximum hourly average temperature recorded at this statibn during the 2002
monitoring program was 16.7°C July 21, 2002 (Appendix A). The daily average
temperatures at station MC1 did not exceed 20°C during the 2002 June through

September period (Table 3-5).
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The 'station located near the Queen Lily Campground (NF6) répresents conditions in the
middle section of the Belde& Reach and defines conditions downstream of the largest
. mbutar};’ in the reach. During the 2002 program, daily average temperatures at station
NF6 ranged from 15.7 to _21.1°C, and averaged 18.7°C. | Ihq diel fluctuation in
temperature ranged from 2.2 to 4.7°C, and averaged 3.2°C in. 2002. The maximum
~ hourly average temperature recorded at this station during the 2002 monitoring progfam
‘was 22.9°C on August 1, 2002 (Appendix A). The daily avgrage témperatures at station
NF6 éxceeded 20°C on 32 of 122 days (26%) during the 2002 June through September

period.

Staﬁion NF7 represents conditions in the NFFR at the end of £he upper Belden Reach.
This statibn is also upstrearﬁ of the éonﬂue#lce with the EBNFFR. During the 2002
program, daily average temﬁeratures at stafion NF7 ranged ﬂom_ 16.1 to 21.3°C, and
averaged 18.8°C, The diel fluctuation in {émperafure rangkeclig' frdm 2.6 to 6.0°C, and
avéraged 4.6°C in 2002. Tile maximum hourly average terﬁi)'erature recorded at this
statiqn during the 2002 monitoring program was 24.0°C July .14, 2002 (Appendix A).
The daily average temperatures ét station NF7 exceeded 20°C' on 33 of 122 days (27%)

during the 2002 June through: September period.

The total change in daily average temperaturé in the upper Belden Reach was measured
as the difference between tliev NFFR at the confluence with the EBNFFR (NF7) and

below Belden Dam (NF5). The change in temperature between stations NF5 and NF7
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was evaluated for the period June-September. The total daily average temperature at NF7
averaged 0.3°C cooler in 2002 than at NF5. These values calculate to a 0.05°C per mile
decrease in temperature in the upper Belden Reach. Figure 3-17 compares the daily

average temperatures at the four stations located in the upper Belden Reach in 2002.

The temperature station in the NFFR immediately upstréam of Yellow Creek (NF8), was
located immediately upstream of the Belden Town bridge. This station is approximately
1.75 miles downs&eam of the confluence of the EBNFFR with the NFFR. Temperatures
at this location were warmer than those measured in the NFFR upstream of the EBNFFR
(NF7), but cooler than in the EBNFFR. This station represents conditions in the NFFR at

the end of the Belden bypass reach. During the 2002 program, daily average
temperatures at station NF8 ranged from 16.1 to 22.9°C, and averaged 19.9°C. The diel
fluctuation in tefnperature ranged from 2.2 to 5.3°C, and averaged 4.3°C in 2002. The
maximum hourly average temperaturé recorded at this station during the 2002 'monitoring.
program was 25.2°C on July 14, 2002 (Appendix A). The daily average temperatures at
station NF8 exceeded 20°C on 65 of 122 days (53%) during the 2002 June through

September period.

The daily average change in temperature in the NFFR between the NFFR at the
confluence with the EBNFFR (NF7) and Belden Town Bridge (NF8) was evaluated for
the period June-September. The daily average temperatures at NF8 in 2002 averaged

1.1°C warmer than at NF7. These values calculate to a 0.6 per mile increase in
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temperature in this section of the NFFR. This increase is attributable to conditions that

exist in the EBNFFR.

Temperatures were recorded in the EBNFFR upstream of the confluence with the NFFR
(EB1) during the 2002 sampling season. During the 2002 program, daily average
tempefatures at station EB1 ranged from 15.9 to 25.5°C, and averaged 21.1°C. The diel
fluctuation in temperatufe ranged from 1.1 to 4.6°C, and averaged 2.8°C in 2002. The
maximum hourly average temperature recordé‘d at this station during the 2002 monitoring
program was 26.5°C on July 14, 2002 (Appendix A). This was the highest daily average
temperature recorder during the 2002 monitoring program. The daily average
temperatures at station EB1 exceeded 20°C on 85 of 122 days (70 %) during the 2002

June through September period.

Temperatures were monitored in Yellow Creek (YC1) 0.5 mile upstream- of its
confluence with the NFFR during the 2002 sampling season. This station represents
conditions at the mouth of Yellow Creek upstream of the conﬂuence with the NFFR.
During the 2002 bpvrogram, daily average témperatures at station YC1 ranged from 11.8 to
18.6°C, and averaged 15.2°C. The diel fluctuation in temperature ranged from 0.8 to
- 3.8°C, and averaged 2.6°C in 2002. The maximum hourly average temperature recorded
at this station during the 2(:)02 moniton'né program wa§ 20.1°C on July 14, 2002

(Appendix A). The daily average temperatures at station YC1 did not exceed 20°C
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during the June through September period in 2002 (Table 3-5). Figure 3-18 compares the

daily average temperatures from several stations in the lower Belden Reach.

Temperatures were monitored in Chips Creek (CHIP) 0.2 mile upstream of its confluence
with the NFFR (Rock Creek Reservoir) during the 2002 sampling season. Chips Creek

discharges directly into Rock Creek Reservoir. During the 2002 program, daily average
temperatures at station CHIP ranged from 10.6 to 17.9°C, and averaged 15.0°C (Figure 3-

20). The diel fluctuation in temperature ranged from 1.8 to 5.8°C, and averaged 4;6°C in |
2002. The maximum hourly average temperature recorded at this station during the 2002
monitoring program was 21.0°C on July 14, 2002 (Appendix A). The daily average
temperatures at station CHIP did not exceed 20°C during the June through September

period in 2002 (Table 3-5).

13:1:73.2.1.7 Rock Creek Reach of the NFFR and tributaries

The first temperature station in the NFFR downstream of Rock Creek Dam (NF9) is
located immediately below the dam. This station was not installed in 2002; the station

located downstream at the NF-57 gage is representative of conditions at this site.

The temperature station in the NFFR downstream of Rock Creek Dam (NF10) was
located near the NF-57 gaging station. This station is approximately 1.5 miles
downstream of the dam. During the 2002 program, daily average temperatures at station

NF10 ranged from 17.6 to 22.5°C, and averaged 20.5°C. The diel fluctuation in
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temperature ranged from 0.3 to 3.7°C, and averaged 1.5°C in 2002. The maximuin
hourly average temperature recorded at this station during the 2002 monitorihg program
was 23.4°C on July 31, 2002 :(Appendix A). The .daily average temperatures at station
NF10 exceeded 20°C on 70 of 97 days (72%) during the 2002 June through September
period. Figure 3-19 compares the 2002 daily average temperatures frprn NF10 with four

other river stations located in the Rock Creek Reach.

A telemetry system was installed at the NF-57 gage station to enable real-time
monitoring of temperatures in the Rock Creek Reach. The performance of this station

 was compared with the in situ recorder is presented in Section 3.2.2.4.

Temperatures were monitored in Milk Ranch Creek (MR1) 0.25 mile upstream of its
confluence with the NFFR during the 2002 sampling season. This station represents

conditions at the mouth upstream of the influence from the NFFR. During the 2002
program, daily average temperatures at station MR1 ranged from 10.6 to 17.9 °C, and
averaged 14.5°C. The diel fluctuation in temperature ranged .from 1.5 to 5.5°C, and
averaged 4.0°C in 2002. The maximum hourly average temperature recorded at this
station during the 2002 monitoring program was 20.4°C on July 21, 2002 (Appendix A).
The daily average temperatures at station MR1 did not exceed 20°C during the June
through September period in 2002 (Table 3-5). Figure 3-20 compares 2002 daily average
temperatures from MR1 withj other stations tributary to the NFFR in the Rock Creek

Reach.
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Temperatures were monitored in Chambers Creek (CHAM) 0.2 mile upstream of its
confluence with the NFFR during the 2002 sampling season. This station represents
conditions near the mouth upstream of any influence from the NFFR. During the 2002
program, daily average temperatures at station CHAM ranged from 9.0 to 18.8°C, and
averaged 15.0°C. The diel fluctuation in temperature ranged from 1.8 to 6.3°C, and
averaged 4.7°C in 2002. Figure 3-20 compares 2002 daily average temperatures from
CHAM with other stations tributary to the NFFR in the Rock Creek Reach. The
maximum hourly average temperature recorded at this station during the 2002 monitoring
program was 21.4°C on July 21, 2002 (Appendix A). The daily average temperatures at
staﬁon CHAM did not exceed 20°C during the June through September period in 2002

(Table 3-5).

The station located on the NFFR below Granite Creek (NF11) represents conditions in
the middle section of the Rock Creek Reach and defines conditions downstream of
several tributaries. During the 2002 program, daily average temperatures at station NF11
ranged from 16.0 to 22.8°C, and averaged 20.0°C. The diel fluctuation in temperature
ranged from 1.5 to 5.1°C, and averaged 3.3°C in 2002. Figure 3-19 compares the 2002
daily average temperatures from NF11 with fogr other river stations located in the Rock
Creek Reach. The maximum hourly average temperature recorded at this station during

the 2002 monitoring program was 24.3°C on July 14, 2002 (Appendix A). The daily
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average temperatures at station NF11 exceeded 20°C on 70 of 122 days (57%) during the

2002 June through September period.

Temperatﬁres were monitored in Jackass Creék v(JKCl) 0;2 mile upstream of its
confluence with the NFFR during the 2002 sampling season. This station represents
conditions near thé mouth upstream of any inﬂ.uence from thez NFFR During the 2002
program, daily average temperatures at station JKC1 ranged from 9.6 to 18.9°C, and
averaged 15.3°C. The diel ﬁuctuation in temperature ranged frorh 1.4 to 6.4°C, and
averaged 4.2°C in 2002. Figure 3-20 compares 2002 daily average temperafures from
JKC1 with other stations tributary to the NFFR in the Rock Creek Reach. The maximum
hourly average temperature reécorded at this sfatiop during the 2002 monitoring program
was 21.2°C on July 21, 2002 (Appéndix A). The daily average temﬁeratures at station

JKC1 did not exceed 20°C dﬁring the June through September period in 2002 (Table 3-

5).

The NFFR station located upstream of the _Bucks Creek confluence (NF12) represents
conditions at the end of the Rock Creek Reach and defines ;:onditibns prior to inflow
from Bucks Creek and Bucks Creek Powérhouse. " During the 2002 program, daily
average temperatures at station Ni?12 ranged from 15.9 to 22.9°C, and averaged 20.0°C.
Figure 3-19 compares the 2002 daily averége temperatures from NF12 with four other

river stations located in the Rock Creek Reach. The diel fluctuation in temperature

ranged from 1.3 to 5.2°C, and averaged 3.0°C in 2002. The maximum hourly average
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temperature recorded at this station during the 2002 monitoring program was 24.0°C on
July 14, 2002 (Appendix A). The daily a\‘/erage temperatures at station NF12 exceeded

20°C on 69 of 122 days (57%) during the 2002 June through September period.

Temperatures were monitored in Bucks Creek (BUCK1) 0.10 miles upstreamA of its
conﬂuence. with the NFFR during the 2002 sampling season. During the 2002 program,
daily average temperatures aAt' station BUCK1 ranged from 12.0 to 20.4°C, and averaged
16.4°C. The diel fluctuation in» temperature ranged from 1.6 to 7.2°C, and averaged
5.0°C in 2002. Figure 3-20 compares 2002 daily average temperatures from BUCK1
with other stations tributary to the NFFR in the Rock Creek Reach. The maximum
hourly average temperature recorded at this station during the 2002 monitoring program
was 23.5°C on July 11, 2002 (Appendix A). The daily average temperatures at station
BﬁCKl exceeded 20°C on 2 days (2%) during the 122 day June through September

period in 2002 (Table 3-5).

Temperatures at Bucks Powerhouse (BUCK2) are essentially the same as those present in
Lower Bucks Creek Reservoir. Water temperatures at Bucks Powerhouse were
monitored at an internal location due to the configuration of the tailrace at this facility.
Water temperature data were then processed to remove data from periods when the
powerhouse was not operating and water within the penstock was static and no discharge
to the NFFR was being made. During the 2002 program, daily average temperatures at

station BUCK2 ranged from 12.6 to 18.9°C, and averaged 14.9°C. The diel fluctuation in
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temperature ranged from 0.0 to 4.5°C, and averaged 1.2°C in 2002. Figure 3-20
compares 2002 daily average temperatures from BUCK2 with other stations tributary to
the NFFR in the Rock Creek Reach. The maximum hourly average temperature recorded
at this station during the 2()02 monitoring | program was 20.0°C on July 1, 2002
| (Appendi); A). The daily average temperatures at station BUCK2 did not exceed 20°C

during the 2002 June through September period.

The NFFR station located upstream of Rock Creek Powerhouse (NF13) represents
conditions at the end of the Rock Creek Reach and defines conditions prior in receiving
diversion flow from Rock Creek Powerhouse. During the 2002 program, daily average
temperatures at station NF13 ranged from 15.0 to 22.8°C, and averaged 18.7°C. The diel
fluctuation in temperature ranged from 1.7 to 5.3°C, and averaged 3.2°C in 2002. Figure
3-19 compares the 2002 daily average temperatures from NF13 with four other river
stations located in the Rock Creek Reach. The maximum hourly average temperature
“recorded at this station during‘the 2002 monitoring program was 24.1°C on July 14, 2002
(Appendix A). The daily ave¥age temperatures at station NF13 exceeded 20°C on 42 of

122 days (34%) during the 2002 June through September period.

The daily average change in temperature in the Rock Creek Reach (NFFR between Rock
Creek Dam [NF10] and above Rock Creek Powerhouse [NF13]) was evaluated for the
‘period June 26 through September. The daily average temperature at NF13 averaged

. 1.7°C cooler in 2002 than 'NFIO. This value calculates to a cooling trend of
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approximately 0.2°C per mile in this section of the Rock Creek Reach. This change is

largely due to the contribution from Bucks Creek and Bucks Creek Powerhouse.

Temperatures at Rock Creek Powerhouse (RC1) are essentially the same as those present
in Rock Creek Reservoir. Water temperatures at Rock Creek Powerhouse were
monitored at an internal location due to the configuration of the tailrace at this facility.
Water temperature data were then processed to remove data from periods when the
powerhouse was not operating and water within the penstock was static and no discharge
to the NFFR was being made. During the 2002 program, daily average temperatures at
station RC1 ranged from 16.1 to 22.6°C, and averaged 20.2°C. The diel fluctuation in
temperature ranged from 0.2 to 1.8°C, and averaged 0.9°C in 2002. Figure 3-19
‘ cbmpares the 2002 daily average temperatures from RC2 with four other river stations
located in the Rock Creek Reach. The maximum hourly average temperature recorded at
this station during the 2002 monitoring program was 22.8°C on July 31, 2002 (Appendix
A). The daily average temperatures at station RC1 exceeded 20°C on 72 of 122

operational days (59%) during the 2002 June through September period.

1:1:1.83.2.1.8 Cresta Reach of the NFFR and tributaries

Temperatures were monitored in Rock Creek (RC2) 0.2 mile upstream of its confluence
with the NFFR during the 2002 sampling season. Rock Creek discharges directly into
Cresta Reservoir approximately 0.75 miles downstream of Rock Creek .Powerhouse.

During the 2002 program, daily average temperatures at station RC2 ranged from 11.4 to -
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19.7°C, and averaged 16.2°C (Figure 3-22). The diel ﬁuctuation in temperature ranged
from 0.4 to 3.6°C, and averaged 1.9°C in 2002. " The maximum hourly average
temperature recorded at this station during the 2002 monitoring program was 20.7°C on
July 31, 2002 (Appendix A). Thé daily average teniperatures at station RC2 did not

- exceed 20°C during the June through September period in 2002 (Table 3-5).

- The first temperature station in the NFFR downstream of Cresta Dam (NF14) was located
upstream of the confluence with Grizzly Creek. This station is approximately 0.4 miles
downstream of the dam. During the 2002 program, daily average temperatures at station
NF14 ranged from 16.2 to 22.2°C, and averaged 19.7°C. The diel fluctuation in
temperature ranged from 0.3'to 1.6°C, and averaged 1.0°C in 2002. The maximum
hourly average temperature recorded at this station during the 2002 monitoring program
was 22.8°C on July 15, 2002 (Appendix A). The daily average temperatures at station
NFi4 exceeded 20°C on 66 of 122 days (54%) during the 2002 June through September
period. Figure 3-21 compares the 2002 daily average temperatures at NF14 with three

other river stations located in the Cresta Reach.

Temperatures were monitored in Grizzly Creek (GR1) 0.5 mile upstream of its
confluence with the NFFR during the 2002 sampling season. During the 2002 program,
daily average temperatufes at station GR1 ranged from 12.7 to 20.8°C, and averaged
17.1°C. The diel fluctuation in temperature ranged from 0.8 to 4.4°C, and averaged

3.1°C in 2002. The maximum hourly average temperature recorded at this station during
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the 2002 monitoring program was 22.7°C on July 14, 2002 (Appendix A). The daily
average temperatures at station GRI exceeded 20°C on 11 of 122 days (9%) during the
June through September period in 2002 (Table 3-5). Figure 3-22 compares daily average
temperatures from GR1 with another station tribut’ary to the NFFR in the Cresta Reach in

2002.

The temperature station in the NFFR downstream of Grizzly Creek (NF15) was located
near the NF-56 gaging station. This station is approximately 2.5 miles downstream of the
dam. During the 2002 program, daily average temperatures at station NF15 ranged from
16.2 to 22.1°C, and averaged 19.7°C. The diel fluctuation in temperature ranged from
0.9 to 3.2°C, and averaged 2.4°C in 2002. Figure 3-21 compares the 2002 daily average
temperatures at NF15 with three other river stations located in the Cresta Reach. The
maximum hourly average temperature recorded at this station during the 2002 monitoring
program was 23.5°C on July 15, 2002 (Appendix A). The daily average temperatures at
station NF15 exceeded 20°C on 66 of 122 days (54%) during the 2002 June through

September period.

A telemetry system was installed at the NF-56 gage station to enable real-time
monitoring of temperatures in the Cresta Reach. The performance of this station was

compared with the in-situ recorder is presented in Section 3.2.2.4.
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The NFFR station located uﬁstream of Cresta Powerhouse (NF16) represents conditions
at the end of the Cresta Reach and defines conditions prior in receiving diversion flow
from Cresta Powerhouse. During the 2002 pfogram, daily average temperatures at station
NF16 ranged from 16.4 to 22.6°C, and averaged 19.9°C. The diel fluctuation in
temperature ranged from 1.0 to 3.7°C, and averaged 2.6°C in 2002. Figure 3-21
compares the 2002 daily avefage temperatures at Nf‘16 with three other river stations
~ located in the Cresta Reach. The maximum hourly average temperature recorded at this
station during the 2002 monitoring program was 23.9°C on July 14,'2002 (Appendix A).
The daily average temperatures at station NF16 exceeded 20°C on 69 of 122 days (57%)

during the 2002 June through September period.

The daily avérage change in ;ternperaturé in the Cresta Reach (NFFR between Cres;a
Dam [NF14] and above Cresta Powerhouse [NF16]) was evaluated for the period June-
September. The daily average temperature at NF16 averaged 0.2°C warmer in 2002 than
NF14. This value calculates to a warming trend of less than 0.05°C per mile in this

~ section of the Cresta Reach.

Temperatures at Cresta Powerhouse (CR1) are essentially the same as those present in
Cresta Reservoir. Water temperatures at Cresta Powerhouse were monitored at an
internal locafion due to the configuration of the tailrace at this facility. Water
temperature data were then processed to remove data from periods when the powerhouse

was not operating and water within the penstock was static and no discharge to the NFFR
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was being made. During the 2002 ﬁrogram, daily average temperatures at station CR1
ranged from 16.3 to 22.5°C, and averaged 19.9°C. The diel fluctuation in temperature
ranged from 0.1 to 1.8°C, and averaged 0.8°C in 2002. Figure 3-21 compares the 2002
daily average temperatures at CR1 with three other river stations located in the Cresta
Reach. The maximum hourly average temperature recorded at this station during the
2002 monitoring program was 22.8°C on July 15, 2002 (Appendix A). The daily average
temperatures at station CR1 exceeded 20°C on 71 of 121 operational days (59%) during

the 2002 June through September period.

1:1:1.93.2.1.9 Middle Fork Feather River

The Licensee collected temperature data in 2002 from a station in the Middle Fork of the
Feather River (at Milsap Bar).. This data were collected in order to compare temperature
conditions in the NFFR with those in the lower portion of the unregulated MFFR. During
the 2002 program, daily average temperatures from the Middle Fork of the Feather River

at Milsap Bar (MB1) ranged from 15.2 to 23.3°C, and averaged 19.4°C. The diel

fluctuation in temperature ranged from 1.4 to 3.7°C, and averaged 2.6°C in 2002. Figure
3-23 compares.the 2002 daily average temperatures at MB1 with river stations located in
the Rock Creek and Cresta reaches of the NFFR. The maximum hourly average
teinperature recorded at this station during the 2002 monitoring program was 25.3°C on
July 14, 2002 (Appendix A). The daily average temperatures at station MB1 exceeded

20°C on 53 of 118 days (45%) during the 2002 June through September period.
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As indicated in Figure 3-23, temperatures in the NFFR were sfmilar in value and trend to
measured temperatures in the Middle Fork at Milsap Bar through llate August. From late
August through September NFFR temperatureé were similar in value and trend to those
observed in the East Branch NFFR. femperatureé in the East Branch NFFR
(unregulated) were warmer than those in the Middle Forkduring the entire monitoring
period. All stations exceeded the 20°C level from late June through early September

2002.

+1:23.2.2 Special Investigations
- This section presents the results of various special field tests and data analyses conducted
on the 2002 data. These tests and evaluations were conducted in response to specific

requests by the ERC or implemented by the Licensee to improve monitoring methods.

1.1:1:13.2.2.1 Evaluation of Sensor Placemént in Caribou No.l 2 Intake

~ In order to verify the accufacy of temperatures recorded by the sensér installed in the
Caribou No.2 Penstock (CARB2A), a backup recorder was placed at the bottom of the
Caribou No.2 Intake channel (CARB2B). Data from both stations were compared for the
period June through September. In order to facilitate data comparison, both were
processed to correct for powerhouse operation. Both data sets were compared with data
from the near surface recordef located in Butt Valley Reservoir (BV2-S). Figure 3-24
compareé daily average temperatures ‘from these three station§ 1clssociated inth Caribou

No. 2 Intake.
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The recorder on the bottom of the intake channel (CARB2B) had a daily mean
temperature that ranged from 0.4°C warmer to 1.1°C cooler than the penstock recorder.
In general, the channel recorder temperatures were consistently lower than both the
penstock recorder (CARB2A) and the near surface recorder placed in Butt Valley
Reservoir (BV2-S). In addition, the channel recorder did not follow the temporal pattern

of temperature as defined by the reservoir surface recorder.

This variability was probably related to the physical characteristics of the channel and the
ultimate pl_acement of the reco£der. The recorder was placed at a fixed depth (on or near
bottom) on the north side of the intake structure. Depending on lake elevation, and
powerhouse flow this area can be exposed to backwater conditions of various magnitude.
However, the data indicate thaf the two recorders agree relatively well and during periods
of consistent powerhouse operation there was little temperature differential. For the June
through September period, the . average difference between the penstock recorder and the

channel recorder was £0.4°C. This is within the realm of combined recorder error.

Based on this information and data presented in Section 3.2.2.2, data from the penstock
recorder are considered superior to the channel recorder as long as the flow-through-
system that connects the sensor to the penstock remains functional. There were no

problems with this system in 2002.
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11:31-23.2.2.2 Butt Valley Reservoir Thermal Structure near Caribou No.2 Intake
Channel

In an attempt to further define ithe withdrawél‘ dynamics associated with the Caribou No.2
Intake, the Licensee collected data from two special profile stations located near the
mouth of the intake channel. The first location (BV-P4A) was located in Butt Valley
Reservoir épproximately 50 meters from the mouth of the intake channel. Profiles wefe
collected from this location 1n June, July, August, and Octob;er. The second profile
vstation (BV-P4B) was located in Butt Valley Reservoir at the mouth of the intake
channel. Profiles were collected only in August and October from this location. Since
October conditions were strongly isothermal, only‘ profiles from June through August
were used as part of this evaluation. Figure 3-25 compares monthly temperature data
from the special profile stations with those from BV-P1. As indicated by the data
presented in Figure 3-25, the thermal structure associated with the Caribou No. 2 Intake

channel is essentially identical to that observed at BV-P1.

All profiles were collected between 0900 and 1030. As a result, the elevated near surface
temperatures associated with warm afternoon conditions were not captured. Conditions
in the Caribou No. 2 penstock and to a lesser degree the :intakc channel are also
influenced by the magnitude and consistency of flow through Caribou No. 2 Powerhouse.
At the time the June profile was collected, the Caribou No. 2 Powerhouse was not
operating. Caribou No. 2 Powerhouse had been operational for approximately one hour
at the time of the July proﬁle,j and for four hours at the time of the August profiling effort.

Table 3-6 compares data from special profile stations with temperature data from the
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Table 3-6

Summary of profile data from select stations in Butt Valley Reservoir.

Caribou No.2 Release
Profile Temperatures Hourly Average (hour)
Profile Profile BV-P1 BV-P4A BV-P4B Penstock Channel
Date Time Average'  Average’ | Average' Average’ | Average' Average’ | CARB2A - CARB2B Powerhouse Operation
6/26/2002  9:30 20.9 21.6 209 216 21.6 0700)  21.6 (0700) gf;b:t}‘pl;’:ﬁimt operating at
79/2002  10:02 223 2.8 225 22.8 2281100 224 (1100) fff,bé’;’fﬂi'ﬁ,‘o““m“ﬁle g for ~one
8212002 10:18 22,0 22.0 22.0 220 220 20  220q100 21.7q100) Coribou No.2 running for ~four

hours before profile.

1. Profile temperatures averaged from surface to 4,110 ft elevation (USG datum).

2. Profile temperatures averaged from surface to 4,115 ft elevation (USG datum).

4,110 ft. is the bottom elevation of the intake channel entrance.
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CARB2 and CARB2B data recorders. As indicated by this data, the agreement between
the synoptic profiles and data from 'CARBZ 'located in the penstock is very good during
ﬁeriods of powerhouse operation. The data also indicates that the effective withdrawal
depth associated with the Caribou No. 2 Intake is from the surface to 4,115 ft (USGS

datum).

| 1—.—171%3‘.2.2.3 Performance of telemetry stations

Real-time temperature (telemetry) systems wefe installed in the gaging stations located at
NF-56 and NF-57. Temperatures were measured at 30-minute intervals and stored
locally on a data logger as well as being transmitted through SCADA to fhe Rock Creek
and Caribou Powerhouge Switching Centefs, The temperatﬁre'data were processed for
the daily average value, mid-night to mid-night, and if temperature levels exceeded 20°C
on two consecutive days, a signal alerted operators and the'te'm‘perature condition was
reported to ERC and FS personal. An appropriate course of action was then developed in

" order to try and maintain daily average temperatures below 20°C at NF-56 and/or NF-57.

In order to evaluate the performance of the two telemetry station sensors, data from the
in-situ recorders installed at fhe telemetry location wete used 16 idocument performance.
Figure 3-28A compares daily average temperatures from statioﬁ NF-56. The evaluation
of telemetry data from the (NF-56 station indicated that tﬁe average difference was
0.10°C, with a maximum absolute difference of 0.21°C. This level of discrepancy is well

within the margin of combined instrument error. Figure 3-28B compares daily average
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temperatures from station NF-57. The evaluation of data from the NF-57 station
indicated that the average diffdrence was 0.12°C, with a maximum absolute difference of
'0.69°C. This drift at NF 57 wés observed during one of the periodic performance tests.
Periodic performance tests weﬁe conducted at each station using known temperature bath
data on April 15, May 16 and October 28 of 2002. Test results indicated all telemetered
remote temperature unit were within the specified -accuracy (less than 0.1°C) at all tirﬁes,

except NF 57, which showed adrift of 0.72°C in the October 28 test.

Another stipulation of the FERC 4C Condition was that, “Temperatures at NF57 and at
~'NF56 are to be monitored and telemetered, from June 1 through October 31, for the term
of the Project License”. If temperatures from the telemetered stations demonstrate that
mean daily water temperaturesf regularly exceed 20°C in October, the entire monitoring
program will be expanded to iné:lude October”. This stipuiation was incorporated into the

monitoring program presented in the Water Temperature Monitoring Plan.
The telemetered stations were continuously operated through October 2002. Daily

average temperatures at NF-56 ranged from 11.3-16.0°C, and from 11.4-16.4°C at NF-

57 during October 2002.

1.1:33.2.3 Evaluation of Cpntrollable and Non-controllable Conditions

This section will discuss tests conducted to determine the effect of various controllable
mitigation options that may have the potential to reduce water temperatures below the

20°C level. As part of the 4C requirements, the Licensee was to determine the effect
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controllable factors (flow releases, intake configuration, release locations) would have on
temperature control in the project area, as well as the effect of non-controllable factors

(e.g. solar radiation, lack of shading, tributary.inflow, powerhouse return flow).

1:1:1:13.2.3.1 Temperature mitigation testing at Caribou complex powerhouses

Butt Valley Reservoir is a long, narrow water body of moderate depth. The reservoir
receives inflows from Butt Creek and Butt Valley Powerhouse. Butt Valley Powerhouse
has an annual average flow of 1,600 cfs and represents more than 95% of the total inflow
to the reservoir. Butt Creek is the largest of the natural inflow sources, with summer
flows ranging from 4Q-56 cfs (Table 3-1). Exclusive of spill e_vénts, outflow from Butt
Valley Reservoir is through the Caribou No. 1 and Caribou No. 2vpo:werhouses. ‘Caribou
No.1 has a capacity of 1,100 cfs and is older and less efficient unit than Caribou No. 2,
which has a flow capacity of 1,400 cfs. Because of this difference in efficiency and

operational reliability, Caribou No. 2 is the Licensee’s preferred operational unit.

Caribou No. 2 Intake is located in a shallow cove; as a fesult‘ water withdrawals are
restricted to the upper layers of Butt Valley Reservoir by the cove’s entrance elevation of
4,110 fi. (USGS datum). Caribou No.l is located in the deepest portion of the reservoir
" and can access water from the surface to 4,095 fi. (USGS datum). Several years of data
(1985-1986, 2000-2002) have shown that cooler water is present in the deeper portion of

the reservoir (Section 3.2.1.2 for 2002 data): The expectation that this cold water could

be used to mitigate temperatures in the Rock Creek and Cresta reaches has been
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suggested in the past and was rev.isited.by the ERC as a possible method of achieving the

20°C temperature level in the NFFR downstream.

The thermal characteristics of Butt Valley Reservoir must be identified before
determining the mitigating effect of alternate operational regimes at the Caribou
Powerhouse complex. Figuré 3-26 displays mean daily temperatures from the three
stations associated with conditions in Butt Valley Reservoir for the period June 1 through
| ~ September 30, 2002. Average daily flow at Caribou No.1 and Caribou No. 2 are included
to illustrate the effect of operation on temperaturé. As indicated by this figure, cooler
water was present in the hypolimnion of the reservoir and persisted t&ough June 2002.
As part of the normal operational regime, Caribou No.1 had not been signiﬁcantjy
utilized prior to July. As soon as use of Caribou No.1 was begun (July 3, 2002) there was
a noticeable upward shift in the temperature of the hypolimnion. The upward trend
continued as Caribou No.1 Was operated for the remainder of the summer. By late
August, the reservoir was essentially isothermal. These same thermal characteristics are

observed in the monthly synoptic profiles previously presented in Figure 3-11.

The thermal regime present in Butt Valley Reservoir develops in a relatively simple
manner. In general, the areas in Butt Valley Reservoir with depths greater than 30 feet
are isolated from the effects of short wave solar radiation and surface turbulence. As
warmer ambient conditions develop, the cold water present in the deeper portions of the
~ reservoir is preserved. The warmer upper layers of the reservoir are actively maintained

as inflows from Butt Valley Powerhouse are matched to outflows from Caribou No.2.
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Under the current operational regime, Caribou No. 1 is typically not used until late June
or early July. As a result the pool of cool water is left untappcd until this period. As
soon as Caribou No.l begins operating, this volume of cool water is rapidly depleted
'(Figure 3-26). The influence of any cold water inflows from Butt Creek are negated
through mixing with inflows f:om Butt Valley Powerhouse or with the warmer surface
layers in the shallow upper reaches of Butt Valley Reservoir.. As the volume of stored
cool water is released through Caribou No.1, temperatures in the hypolimnion rapidly
warm to temperatures that ar;ca similar to those obs'er'ved entérihg ﬂle reservoir through
Butt Valley Powerhouse (BVi) (Figure 3-26). This pattern has been observed during

previous monitoring efforts in 2000-2001 (Pacific Gas and Electric Company, 2002).

i

As discussed, the operation of Caribou No. 1 can provide some mitigating effect on
- downstream temperatures for as long as the pool of cool wqter‘is present. By examining
the access of each intake structure to Butt Valley Resew@ir, the volume of water
“available éxclusively to the Caribou No.1 Intake can be determined. The Caribou No. 2
Intake is located in a shallow cove with an entrance elevation of 4,110 feet (USGS
datum). The Caribou No. 1 irxtake is in the deeper portion of the reservoir, data from a
1996 bathymetric survey indicates that the iptaké has access to water from the surfacé to
4,095 feet V(USGS datum). The storége:cépacity rating ‘fbr Butt Valley Reservoir
indicates a total volume of 7,837 ac-feet at an elevation of 4,110 feet (USGS) and 598 ac-
-feet at 4,095 ft (USGS). The difference betWeén these two values (7,239 aére-ﬁ) is the
volume of water available to Caribou No.1 that is not avgu'lable to Caribou No.2.

Depending on thermal conditions in the reservoir, some or all of this 7,000 acre-feet
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|
'

comprises the pool of cool water accessed by Caribou No. 1. At a maximum withdrawal
rate of 1,100 cfs through Caribou No.1, this volume would last about 80 hours, or 3.3
days. A subsequent reduction in withdrawal rate would extend the period of time the
cool water was available, butf would also reduce the effective change in downstream-
temperatures. It can therefore be concluded that preferential operation of Caribou No.1
can only provide a short perioci of temperature mitigation. When the pool of cool water
is depleted there is no temperature benefits associated with operating Caribou No.1 over

Caribou No. 2.

To define and quantify the effect that preferential use of Caribou No. 1 has on
temperatures in the lower NFFR, the Licensee conducted a special short duration
operational test in July 2002. This test was conducted from July 3 through July 7, 2002.
During this period Caribou No. 1 was operated preferentially over Caribou No. 2. On |
three days during this period Caribou No.2 was not operated at all. Because the pool of
cool water in Butt Valley Reéervoir had not been utilized up to thie point, this test
represents a best-case scenario v:vith regard to the mitigating effect of using Caribou No. 1
‘preferentially over Caribou No. 2. Figure 3-27 compares daily average temperatures
from the Caribou powerhouse complex, with NFFR stations in the Rock Creek-Cresta

reach during this test. Table 3-7 summarizes the data presented in Figure 3-27.
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Table 3-7

Summary of temperature data from Caribou complex operational test.

Upper NFFR
Resultant Belden below Rock below
Caribou No. 2 Caribou No.1 Caribou | Forebay | Creek Dam Forebay
Temperature Flow | Temperature Flow | Complex * [BD1] [(NF10] [NF13]
Date C0) (cfs) 0 (cfs) o) 0 0 0 Remarks
6/30/2002 214 150 - - 214 21.5 20.9 20.8 Pre-test, no Caribou No.1 flow
7/1/2002 222 230 - - 222 21.8 20.7 209 Pre-test, no Caribou No.1 flow
7/2/2002 22.0 251 — 3 21.7 22.2 20.8 209 Pre-test, no Caribou No.1 flow
7/3/2002 -—- - 16.3 203 16.3 21.8 20.7 20.8 Test period
7/4/2002 -— - 16.3 138 16.3 21.0 20.5 20.8 Test period
7/5/2002 -- -— 16.4 117 16.4 20.1 20.6 20.8 Test period
7/6/2002 218 228 17.3 460 18.8 19.5 20.7 20.7 Test period
7/7/2002 222 198 173 436 18.8 . 193 20.6 20.7 - Test period - L
7/8/2002 225 443 18.1 284 20.8 19.9 20.2 20.8 Post-test, normal operation
7/9/2002 23.2 625 184 425 213 211 20.4 20.3 Post-test, normal operation
7/10/2002 23.0 1,091 18.7 672 21.3 21.5 21.3 20.5 Post-test, normal operation

Based on mass balance calculations.
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Table 3-7
(Continued)
Belden Powerhouse Belden Reach (Nf5) Belden Reach
Temperature Flow | Temperature Flow [NFe6] [NF7] [NE8] [EB1])
Date °C) (cfs) ‘o) (cfs) 0) 0 (‘C) CO) Remarks

6/30/2002 - 0 18.9 144 19.0 19.3 21.2 233 Pre-test, no Caribou No.1 flow
7/1/2002 19.8 87 19.1 144 19.0 19.1 21.2 233 Pre-test, no Caribou No.1 flow
7/2/2002 20.7 187 19.3 144 19.2 193 21.2 233 Pre-test, no Caribou No.1 flow
7/3/2002 21.1 58 19.2 143 19.0 19.1 20.8 22.8 Test period

7/4/2002 — 0 18.7 144 18.7 18.8 205 224 . Test period

7/5/2002 — 0 18.3 144 18.5 18.8 20.7 22.7 Test period

716/2002 19.0 558 17.9 143 18.2 18.7 20.7 22.9 Test period
7/7/2002 19.0 500 17.8 144 18.1 18.5 20.6 23.2 Test period
7/8/2002 19.6 641 17.9 144 18.1 185 20.6 23.1 Post-test, normal operation
7/9/2002 20.9 783 18.1 144 18.3 18.7 20.8 23.5 Post-test, normal operation
7/10/2002 21.2 1216 18.9 144 19.1 19.5 21.5 24.1 Post-test, normal operation
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As indicated, in Table 3-7, release temperatures from the Caribou powerhouse complex
were approximately 22.0°C before the test began. Once Caribou No. 1 came into full
utilization and Caribou No. 2 flows were decreased, release temperatures dropped to
approximately 16.3°C. This drop of 5.7°C represents the maximum change in
temperature measured at the Caribou complex release, temperatures increased in a
progressive manner as contribﬁtions from Caribou No. 2 increased following the shut
down period.

The observed rate of chang;a in release temperatures at Caribou No. 1 suppdrts the
previoﬁs discussion. At the ybeginning of the test, Caribou Ncla. 1 release terriperatures
measured 16.3°C. At the end of the five day test period, Caribou No.1 release
temperatures had risen to 17.3°C, and were 18.7°C by July 10 (eight days after use of
Caﬁbou No. 1 began). Caribou No. 1 release temperatures exceeded 20°C, on July 19,
2002; 16 days after the start of Caribou No. 1 utilization, at an average daily flow of 295

cfs.

As discﬁssed in Section 3.2.1.5, a thermal gradient exist in Belden Forebay that is
probably the result of operational influences on the system. This gradieﬁt, results in
cooler water being released to the Belden Reach through Oak-flat Powerhouse and
warmer water diverted through Belden Powerhoﬁse. The BDI1 rhonitoring station
represents tempéeratures in the upper layers of the forebay that are passed through Belden

Powerhouse. The NF5 station represents temperatures in the lower layers of the forebay,
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as well as initial temperatures in the Belden Reach. To evaluate the effect of operational

changes on temperature each transport pathway will be discussed separately.

During the test, temperatures in the upper portion of Belden Forebay (BD1) showed a
gradual reduction through the test period. The maximum decrease in temperature was -
2.9°C, which was recorded on the last day of the test period (July 7, 2002). This slow
rate of change in the forebay temperature was related to the relatively low rate of inflow
(117-203 cfs) and outflow in Belden Forebay. During full load conditions, the retention
time in Belden Forebay is less than 12 hours. However, at the flows present during the
test, the estimated forebay retention time was about one week (at an average flow of 160
cfs). The longer retention time'combined and the presence of pre-test warm water in the
Belden Forebay contribﬁted to the slow rate of temperature change as measured at BD1

compared to the Caribou complex release temperatures.

During the test, temperatures in the lower portion of Belden Forebay (NFS5) also showed
a gradual reduction through the test period. However, because of the thermal gradient in
the forebay, the maximum change was much less than that seen in the upper layers. The
maximum decrease in temperature was 1.4°C, and was also recorded on the last day of
the test period (July 7, 2002). .For most of the test period, 6utﬂow from the Forebay was
comprised entirely of instream releases to the Belden Reach through Oak-flat
Powerhouse. The monitoring station at fhe end of the upper Belden Reach (NF7), is
located upstream of the confluence with the East Branch of the NFFR. The maximum

decrease in temperature at this station was 0.8°C, and was also recorded on the last day of
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the test period (July 7, 2002). The last station in the Belden Reach (NF8) is located
“upstream of the confluence with Yellow Creek. Temperatures at this station reflect the
influence of the warmer EBNFFR inflows. As a result of the EBNFFR inflows the

temperature reduction in the Belden Reach was further moderated to 0.6°C. -

The stations below Rock Creek Dam and Cresta Dam (NF10 and NF14, respectively),
were used to detect any effect from the Caribou test. It was assumed that these stations
would be the least affected by tribﬁtary inflow and ambient condiﬁons. Temperatures at
the beginning of the Rock Creek Reach (NF10) showed a maxirﬁum decrease of 0.6°C
the day after the test ended (July 8, 2002). On t‘he following day (July 9, 2002), the
station located below Cresta Dam (NF14) measured a similgr maximum decrease of

0.6°C. Temperatures at NF10 and NF14 exceeded 20°C during the entire test period.

The results of this test were influenced by the high flow released for whitewater test on

July 7, 2002.

It is acknowledged that the 2002 preferential use test was conducted under less than ideal
circumstances. Flow through Caribou No.l was much less than would be expected
through Caribou No.2 under normal operations. There was little or no flow through
Belden Powerhouse during ihe test; as a result residence time in the forebay was
increased. Finally, a high flow whitewater test was begun in the Rock Creek/Cresta reach
on the last day of the preferential use test. This coincidental timing signiﬁcantly altered
the rate of travel through the system and undoubtedly affected the test results in the Rock

Creek and Cresta reaches.

L 3-78
© 2003, Pacific Gas and Electric Company



"Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

_In summary, the 2020 preferential use of Caribou No. 1 over Caribou No. 2 produced the

following results:

eRouting flows only through Caribou No. 1 produced a 5.7°C decrease in release
temperature at the Caribou Powerhouse complex. Caribou No.l1 temperatures rapidly
increased following the start of withdrawals from the pool of cool water.

oThe test produced a 3°C decrease in temperature in the upper layers of Belden Forebay
(BD1), and yielded a decrease of 1.4°C in the lower layers of the Forebay (NF5).

e The test yielded a 0.8°C decrease in temperatures at the end of the upper Belden bypass
reach (NF7), decrease was further moderated to 0.6°C at NF§ after mixing with the East
Branch NFFR.

o The test yielded a 0.6°C decrease in temperatures in the Rock Creek and Cresta bypass
reaches at NF10 and NF14 stations

e The reserve of cool water is limited in Butt Valley Reservoir, and operation of Caribou
No. 1 in preference over Caribou No. 2 can at best provide only temporary periods
(several days) of mitigation.

1:1.1:23.2.3.2 Effect of Outlet Use at Cresta Dam on NFlFR Water Temperature

The minimum instream flows to the NFFR are released from two sources at Cresta Dam.
The primary release is made from the in-stream flow release valves, which are positioned
approximately 30 ft. below normal water surface. These valves release a minimum of
150 cfs and self adjusts for changes in reservoir level. The radial gates are the second
source of release flow; these gates withdraw water from the top 20 ft. of the reservoir.
The radial gates are not self-adjusting and are therefore typically used in conjunction with

the instream release valves.

A daily log is kept documenting the total release flow, as well as the flow originating

from each outlet. During the June through September 2002 monitoring period, the
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instream release valve provided 26 to 61 percent of the total release flow. Flow from the

radial gate provided 39 to 74 percent of the total flow.

Due to a short retention time, Cresta Reservoir does not undérgo thermal stratification.
Consequently, no difference in temperature was expected with respect to outlet used. To
test this assumption, temperature data from monitoring stations at NF14 and RC1 were
used to evaluate the temperature effect associated with differential use of the two Cresta
bam release outlets. A long term evaluation was not possible since both gates were used
equally throughout the périod to generate the total flow. However, an eight day period
(June 28 through July 5) was evaluated during which preferential use of the outlets was
alternated. For the period June 28 through July 1 the instream valve averaged 35% of the
total release. For the period July 2 through July 5 the inétream valve averaged 59% of the

total release.

Based on this evaluatiOn, there was no measurable change in the difference between
downstream (NF 14) and ﬁpstream RC1) témperatures duﬁng periods when either gate
provided the majority of release flow. For the two day period June 30-July 1, the radial
gate provided 66% of the total flow and the mean daily average temperature at NF14 was
| 20.9°C. For the two day period July 2-'3, the instream release valves prqvided 60% of the
total flow and the mean daily average temperature at NF14 was 20.8°C. As a result of
this evaluation there appears to be no benefit derived from preferential use of eithér

release outlet.
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1:1.1:33.2.3.3 Effect of inflow from Bucks Lake system on water temperatures in the
NFFR

The Bucks Lake system delivers relafively cool water to the end on the Rock Creek
Reach. Two temperature evaluations were performed on data from stations located
ups;ream and downstream of inflows from the Bucks system. The first evaluation
focused on inflow from Bucks Creek and Bucks Powerhouse. The second evaluation

focused on inflow from Grizzly Creek. Data used for these evaluations is summarized in

Table 3-8.

The Bucks Lake system is comprised' of Bucks Lake, Lower Bupks Lake, Grizzly
Powerhouse, Grizzly Forebay, and Bucks Powerhouse. Bucks Léke is the main storage
reservoir and delivers relatively cool wéter to Lowér» Bucks Lake through a low level
-outlet. Water is then diverted from Lower Bucks Lake to Grizzly Forebay through
Grizzly powerhouse. A minimum release of 3 cfs (in summer time) is made to Bucks
Creek downstream of Lower Bucks Dam; this flow subsequently discharges into the
NFFR approximately 1.3 miles upstream of Rock Creek Powerhouse. Flow from Grizzly
Powerhouse immediately enters Grizzly Forebay, which provides generation storage for
Bucks Powerhouse. Bucks P(;werhouse discharges directly to the NFFR approximately
1.0 mile upstream of Rock Créek Powerhouse and 0.3 mile downstream of the mouth of
Bucks Creek. A minimum release of 4 cfs (in summer time) is made to Grizzly Creek
downstream of Grizzly Forebay Dam,; this flow subsequently discharges into the NFFR

approximately 0.75 mile downstream of Cresta Dam.
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Table 3-8

Temperature data associated with inflows from Bucks Lake system.

A. Daily average temperature and flow data near Bucks Powerhouse.

NF12 BUCK1 | BUCK2 NF13 ~ ROCK1 ROCK2 | NF14

Date (°C) (°C) (cfs) (°C) (cfs) (°C) .(°C) (cfs) (°C) (°C)
8/14/2002  22.3 19.3 161 143 188.6 19.4 21.9 1045 18.6 21.5
8/15/2002  22.4 19.3 16.0 14.2 216.2 19.0 222 1043 18.8 21.2
8/16/2002  22.4 19.2 15.9 -13.9 214.8 19.0 224 1021 19.0 21.2
8/17/2002  21.8 18.0 15.8 14.0 135.4 19.5 224 1022 18.5 21.2
8/18/2002  21.3 17.5 158 . 135 227.7 17.6 22.0 1021 18.0 20.7
8/19/2002  21.2 17.0 157 - - 0.0 20.7 21.9 1059 17.7 20.5
8/20/2002  20.7 16.0 154 - 0.6 20.6 21.5 1009 171~ 210
8/21/2002  20.2 15.4 15.2 0.0 20.0 21.3 1217 16.5 20.8
8/22/2002  20.1 152 152 - 0.5 19.9 214 1290 16.2 20.5

8/23/2002 20.0 14.8 15.0 ---- 1.7 19.7 21.2 1205 15.8 20.4
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Table 3-8 (Continue)

B. Daily average temperature and flow data near Grizzly Creek.

‘ Daily Average Temperatures

Date NF14 GC1 NF15 Delta-T
8/6/2002 ' 19.8 16.8 19.7 0.1
8/7/2002 19.6 16.5 19.5 0.2
8/8/2002  19.7 16.6 '19.6 0.2
8/9/2002 201 172 20.0 0.1
8/10/2002  20.3 17.8 20.3 0.0
8/11/2002 - 20.5 18.3 20.6 0.0
8/12/2002  20.6 18.8 20.7 0.1
8/13/2002 . 20.8 19.5 21.0 0.2
8/14/2002  21.5 199 215 0.1
8/15/2002 212 20.1 21.4 0.2
8/16/2002 . 21.2 20.2 21.4 0.2
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The Bucks' Creek-Bucks Powerhouse (Bucks ‘systern) evaluation used temperatures from
.NF12’ NF13, RC1, and NF14 to determine the effect of inflows from Bucks Creek
(BUCKI1) and Bucks Powerhouse (BUCK2).: Bucks PoWerhouse was operated on a
peaking-type regime during the June through September peﬁdd. This is done largely to
maintain lake levels in Bucks Lake through fhe surhmer period in support of recreational

concerns and property owner issues.

- In order to compare periods with relatively similar ambient meteorological influences, a
ten-day test period was selected which included five days of consistent Bucks

powerhouse operation and five days of no powerhouse operation.

The test period illustrating the effect of powerhbuse operationsl was from August 14 -18,
2002. During this five day period the average temperature at station NF-12 (upstream of
Bucks system inflows) was 22.1°C. The average five day temperature at Bucks Creek
was 18.7°C, and the éverage Bucks Powerhouse temperature was | 14.0°C. The resultant
- temperature in the NFFR dbwhstream of the .Bucks system inflows (NF13) was 18.9°C.
This represents an average decrease in temﬁerature of 3.1°C; temperatures were also
reduced below the 20°C level.‘ Inﬂowv temperatures from RoCk Creek Powerhouse
averaged 22.2°C during this séme five day period. The absolute effect of Bucks system

inflows on the NFFR was measured at station NF14. This station is below Cresta Dam
" and represents resulting temperatures following the mixing of Rock Creek (RC2), Rock

Creek Powerhouse (RC1), and the NFFR end of the Rock Creék Reach (NF13) in Cresta
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Reservoir. Temperatures at NF14 during the five day period averaged 21.1°C, or 1.0°C

cooler than the Rock Creek powerhouse inflow.

The test period illﬁstrating the effect of no powerhouse operations was from August 19 -
23. During this five day period the average temperature at station NF-12 (upstream of
Buck Creek and Bucks Powerhouse) was 20.4°C. The average five day temperature at
Bucks Creek was 15.7°C. The resultant temperature in the NFFR downstream of the
Bucks Creek inflow (NF13) was 20.2°C. This represents an average decrease in
temperature of 0.2°C. Inflow temperatures from Rock Creek Powerhouse averaged
2i.5°C during the same five day period. Temperatures at NF14 during this five day

period averaged 20.7°C, or 0.8°C cooler than the Rock Creek powerhouse inflow.

Results of this evaluation indicate that operation of Bucks Powerhouse can significantly
réduce temperatures in th¢ NFFR immediately upstream of Rock Creek Powerhouse.
However, due to the large volume of inflow from Rock Creek Powerhouse at
temperatures similar to those measured in the NFFR upstream of inflows from the Bucks
system, there appears to be no measurable effect .downstream of Rock Creek Powerhouse.

‘This is true as long as Rock Creek Powerhouse is operating.

\

The Grizzly Creek evaluation‘f used temperatures from NF14, and NF15 to determine the
effect of inflows from Grizzly Creek (GR1). In order to compare periods with relatively

similar ambient meteorological influences, an eleven-day test period was selected which
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included a wide range of Grizzly Creek inflow temperatures. The test period chosen was
August 6-16, 2002. During this period, Grizzly Creek temperatures ranged from 16.2 to

20.5°C. Flows in Grizzly Creek ranged from 16.1 to 20.2 cfs.

Temperaturés in the NFFR upstream of the Grizzly Creek confluence (NF14) for this
period ranged from 19.6 to 21.5°C. Temperatures in the NFFR downstream of th¢
Grizzly Creek confluence (NF15) for this period ranged from 19.5 to 21.5°C. In general,
. there was no difference in average temperatures between NF15 and NF14. The absolufe
difference ranged from 0.2°C cooler to 0.2°C warmer. As indicated by this data, during
the summer period when creek flows are léw, inflows from Grizzly Creek do not mitigate

temperatures in the NFFR.

i

11-143.2.3.4 Water Temperature Model Evaluation

3.2.34.1 Existing Model Evaluation
In 1986 Woodward-Clyde Consultants (WCC) developed temperature models of the

Rock Creek Reach and Cresta Reach of the NFFR using the SNTEMP (Stream Network
Temperature Model). Both models were developed using data from 1985. As part of the
most recent Rock Creek-Cresfa Hydroelectrié Project relicensing effort (FERC 1962), the
1986 SNTMP temperature miodels were revised and updated. As part of the updating
process, data collected in 2002 was incorporated into fhe exiting models to strengthen

model calibration. The results of this modeling analysis are presented in: Revised Water

Temperature Modeling for the Rock Creek-Cresta Hydroelectrip Project - FERC Project

No. 1962 (TRPA, 2003). Thi‘s document is included as Appendix B.
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Both of the revised models were then used to evaluate a matrix (gaming) of alternative
flow scenarios. The calibration and validation of both models was based on two years
(1985 and 2002) of hydrologic and meteorologic data, while the 2002 weather conditions

was used in scenario gaming.

The original Rock Creek Reach water temperature model was fine-tuned by the addition
of tributaries influences not incorporated in the structure of the original model. The 2002
data was merged into the 1985 dataset and the calibration recalibrated. This was
followed by scenario gaming of varied flow releases using the 2002 June-September
meteorologic data. The original Cresta Reach temperature model ' structure and
calibration was validated using the 2002 data and retained unchanged. Flow release
gaming of the Cresta model also used 2002 ambient conditions. Table 3-9 summarizes

the quality control statistics for each model.

+1.1.1:23.2.3.4.2 Scenario Simulation
Based upon precipitation within the North Fork Feather River watershed, the year 2002

was classified as a normal hydrologic year. Both reach models were used to predict river
temperatures resulting from the gaming of multiple release scenarios under the 2002
hydrologic year conditions. Results of the scenario gaming were then compared to the
existing release conditions to evaluate the influence of controllable factors (such as
higher instream flow relgase) rclative to uncontrollable factors (meteorological condition

s and initial water temperatures).
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Table 3-9

Summary of Model Quality Control Statistics

A. Rock Creek Reach (Re-calibration)

North Fork Feather River downstr¢am of Granite Cr confluence

Correlation Mean Prob. Max. ‘Bias
Coefficient Error Error Error Error Day
0.9932 0.07 | 0.13 0.64 0.01 122
. North Fork Feather River upstream of Bucks Cr confluence
Correlation Mean Prob. Max. Bias
Coefficient Error Error. Error Error Day
0.9901 0.01 0.17 0.71 0.01 122
- North Fork Feather River upstream of Rock Creek PqWerhouse
Correlation Mean Prob. Max. ~ Bias
Coefficient Error Error Error Error Day
0.9834 -0.22 0.24 0.95 _ 0.02 122
B. Cresta Reach (Validation 2002 data)
North Fork Feather River downstream of Grizzly Cr confluence
Correlation Mean . Prob. '  Max. ~ Bias
Coefficient Error Error Error Error Day
0.9988 -0.12 - 0.05 . -0.26 0.00 122
North Fork Feather River upstream of Cresta Powerhouse
Correlation Mean Prob. , Max. Bias
Coefficient Error Error Error Error Day
0.9889 0.08 0.17 -0.67 0.02 122
TRP, 2003
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License conditions issued in Oeteber;October 2001, specified that release flows in each

reach be increased to a new level for evaluation at intervals of every five qualified years

(a_total of three 3 five-year periods_are specified in the license). Release flows were tied

to water year type (normal/wet, dry, critical dry) and changed seasonally. Temperature
conditions resulting from the increased release flows would then be monitored during
each five-year time period. Using the 2002 hydrologic and meteorologic data, flow
‘releases for the “normal/wet” condition from the first, second, and third 5-year periods
were modeled. Table 3-10 defines the monthly flow release scenarios used in this

modeling effort.

Results of gaming the three alternative flow release scenarios varied for the two river
reaches during the four summer months simulated. Table 3-11 presents the results of
model simulation under normal/wet conditions. Table 3-11 compares mean monthly
water temperature at selected nodes within each reach for each month and release flow.
Under the normal/wet condition, model predictions for the Rock Creek Reach suggest
that higher instream flow feleases produce incrementally higher average water
temperature at the end of the reach. This.is largely the result of higher release flows
over-riding the cooling benefit from colder tributaries and inflows from Bucks
Powerhouse: Some reduction in temperature is seen with higher flows closer to the dam.
Under the normal/wet condition, model predictions for the Cresta Reach suggest that
higher instream flow releases produce incrementally lower water temperature with
distance from the dam. Higher releases flows benefit the Cresta Reach largely becausé of

the lack of cooling tributary inflows. Overall, the net temperature change (higher or
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Table 3-10

Summary of Release Flows used during Scenario Gaming

A: Rock Creek Reach - Normal/Wet Water Year

Monitoring Flow Release from Rock Creek Dam
Year ~ June July August September
Years 1-5 220 180 - 180 180
Years 6-10 260 260 260 260
Years 11-15 3940 390 390 390
B: Cresta Reach - Normal/Wet Water Year
Monitoring Flow Release from Crésta Dam
Year June July August September
Years 1-5 240 220 220 220 -
Years 6-10 _ 325 325 325 325
Years 11-15 440 440 440 440
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Table 3-11

Predicted Monthly Average Stream Temperature at Selected Release Flows.

A. Rock Creek Reach

Miles below June July
Rock Cr _ :
Location on NFFR Dam 220 cfs 260 cfs 390 cfs 180 cfs 260 cfs | 390 cfs
Rock Creek Dam 0.00. 18.4 18.4 18.4 213 21.3 213
Above Milk Ranch Creek 2.06 18.8 18.8 18.7 21,7 21.6 21.5
Below Milk Ranch Creek 2.11 18.7 18.6 18.6, 21.5 21.5 215
Above Cummings-Chambers |
Creek , 2.98 18.8 18.8 18.7 21,7 21.6 21.6
Below Gummings-Chambers ‘ |
Creek 3.04 18.3 18.4 18.4 21.5 21.5 21.5
Below Granite Creek 410 18.5 18.5 18.5 216 21.6 21.6
Above Bucks Creek 6.71, 18.4 18.5 18.6 21.7 21.7 21.6
Below Bucks Creek 6.77 18.3 18.3 184 214 215 21.5
Above Bucks Cr Powerhouse 6.96 18.3 18.3 18.5 214 21.5 21.5
Below Bucks Cr Powerhouse 7.02° - 18.1 18.1 18.3 20.2 20.2 20.8
Above Rock Cr Powerhouse 7.95 18.2 18.3 18.4 20.3 20.6 20.9
Miles below ._August September
Rock Cr o ‘

Location on NFFR Dam 180 cfs 260 cfs 390 cfs .| 180 cfs 260 cfs 390 cfs
Rock Creek Dam 0.00 21.2 21.2 212 19.1 19.1 19.1
Above Milk Ranch Creek 2.06 213 213 213 19.1 19.1 19.1
Below Milk Ranch Creek 2.11 21.2 21.2 21.2 18.9 19.0 191
Above Guamnings-Chambers ' ' . |
Creek 2.98' 21.2 213 213 18.9 19.0 19.1
Below Cumamings-Chambers . |
Creek 3.04 21.1 21.2 212 | 189 19.0 19.1
Below Granite Creek 410 21.2 21.2 21.3 18.8 19.0 19.1
Above Bucks Creek 6.711 211 | 212 213 18.7 189 - 19.1
Below Bucks Creek 6.77 20.8 21.0 21.2 18.4 18.7 18.9
Above Bucks Cr Powerhouse | 6.96 208 | 210 21.2 18.4 18.7 18.9
Below Bucks Cr Powerhouse 7.02 18.8 18.8 19.8 15.9 15.9 17.2
Above Rock Cr Powerhouse 7.95 18.9 194 199 | 16.0 16.6 17.2
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Table 3-11
(Continued)
B. Cresta Reach

Miles below June July
Location on NFFR Cresta Dam 240 cfs 325 cfs 440 cfs 220 cfs 325cfs’ | 440 cfs
Cresta Dam 0 ‘ 18.4 184 18.4 21.2 21.2 21.2
Above Grizzly Cr 0.37 18.5 18.5 18.5 21.3 21.2 21.2
Below Grizzly Cr 0.38 18.2 18.2 18.3 21.1 21.1 21.1
Middle Cresta reach 2.24 18.6 18.5 18.5 214 21.4 21.4
Above Cresta Powerhouse 4.72 19.0 18.9 18.9 21.9 21.7 21.7

Miles below August September
Location on NFFR Cresta Dam 220 cfs | 325cfs 440 cfs 220 cfs 325 cfs 440 cfs
Cresta Dam 0 20.7 20.7 20.7 18.5 18.5 18.5
Above Grizzly Cr 037 20.7 20.7 20.7 18.5 18.5 18.5
Below Grizzly Cr 0.38 20.5 20.6 20.6 18.3 18.4 18.4
Middle Cresta reach 2.24 20.7 20.7 20.7 18.4 18.4 18.5
Above Cresta Powerhouse 4.72 20.9 20.9 20.9 18.4 18.5 18.5
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lower) for the various in-stream flow releases was small. A complete presentation of the

water temperature model simulation is presented in Appéndix B.

Based upon model predictions, controllable‘ factors (flow releases) are over-ridden by
non-cpntrollable physical factors (e.g. solar radiation, lack of shading, tributary inflow,
starting water temperatures released from the dam). Water tempexjatures in the NFFR in
~ Rock Creek and Cresta study reaches were frequently above temperature thresholds (18-
20°C) for salfnonids and other cold water aquatic organisms, prixﬁarily due to initial

~ (starting) water temperatures at the release point.
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Comparison of 2002 Daily Average Stream Flow - Lake Almanor Tributaries
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Figure 3-1. Comparison of daily average flow at stations tributary to Lake Almanor —2002
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Comparison of 2002 Daily Average Storage - Lake Almanor
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Figure 3-2. Lake Almanor average daily storage and elevation — 2002
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Comi)arison 2002 Daily Average In-flow to Butt Valley Reservoir
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Figure 3-3. Comparison of daily average flow from select stations in the upper NFFR Project — 2002
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2002 Daily Average Powerhouse Flow - Belden Powerhouse
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C. Belden Powerhouse and Yellow Creek

Figure 3-3 (continued).

Comparison of daily average flow from select stations in the upper NFFR Project — 2002
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Comparison of 2002 Daily Average Storage - Butt Valley Reservoir
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Figure 3-4. Daily Average Storage in Butt Valley Reservoir — 2002
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Comparison of 2002 Daily Average Powerhouse Flow - Rock Creek-Cresta Facilities
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Figure 3-5. Comparison of daily average flow at Rock Creek-Cresta Project powerhouses — 2002
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Comparison of 2002 Daily Average Temperature - Lake Almanor Tributaries
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Figure 3-6. Comparison of daily average temperature at stations tributary to Lake Almanor — 2002
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Comparison 2002 Daily Average Temperature - Lake Almanor (LA1)
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Figure 3-7. Comparison of mean daily temperatures from two depths in Lake Almanor near the Canyon Dam Intake — 2002
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2002 Lake Almanor Temperature Profiles
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Figure 3-8. Comparison of monthly profiles from Lake Almanor (LA1) for the period June through September 2002
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[

2002 Lake Almanor Longitudinal Temperature Profiles

4,500
4,490
June 26, 2002
4,480
E 4410
3
B 4,460
172]
o
€ 4,450
§
S 4,440
[ g
Y
j 4,430 g.
4,420 ' , —o-LA-P1
K aj ——1A-P2
1 o]
4,410 ‘ | —a—LA-P3
‘ : —&-LA:P4
4,400 r . . - ‘ r ’
0.0 5.0 100 150 20.0 25.0 30.0

Temperz:iture ¢C)

A. June 26, 2002 — Lake Almanor Profiles

2002 Lake Almanor Longitudinal Temperature Profiles

4,500
4,490
July 9, 2002
4,480
’5“ 4470
3
8 4,460
[72]
5
£ 4,450
£
B 4440
3]
o
3 4,430 : ;
4,420 : : | —o-LAPI
- o » ' ——LAP2
4,410 —o-LAP3
B —=-LA-P4 .
4,400 . ‘ - —r " -
0.0 5.0 ; 10.0 150 20.0 25.0 30.0
Temperature (°C) ' '

B. July 9, 2002 — Lake Almanor Profiles

Figure 3-9. Longitudinal thermal structure at four profile stations in Lake Almanor — 2002
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2002 Lake Almanor Longitudinal Temperature Profiles
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C. August 21, 2002 — Lake Almanor Profiles

2002 Lake Almanor Longitudinal Temperature Profiles
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Figure 3-9 (continued).
Longitudinal thermal structure at four profile stations in Lake Almanor — 2002
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Comparison of 2002 Daily Average Temperature - Tributary Inflow to Butt Valley Reservoir
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Figure 3-10. Comparison of daily average temperature at stations tributary to Butt Valley Reservoir — 2002
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2002 Butt Valley Reservoir Temperature Profiles
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Figure 3-11. Comparison of monthly profiles from Butt Valley Reservoir (BV2-A) for the period June through September 2002

3-107
© 2003, Pacific Gas and Electric Company



Draft Rock Creek-Cresta Compliance‘ Monitoring Report — April 2003

2002 Butt Valley Reservoir Longitudinal Temperature Profile:
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B. July 9, 2002 - Butt Valley Reservoir Profiles

Figure 3-12. Longitudinal thermal structure at three stations in Butt Valley Reservoir — 2002
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2002 Butt Valley Reservoir Longitudinal Temperature Profiles
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D. October 17, 2002 — Butt Valley Reservoir Profiles

Figure 3-12 (continued).
Longitudinal thermal structure at three stations in Butt Valley Reservoir — 2002
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Comparison of 2002 Daily Average Temperature - Butt Valley Reservoir
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Figure 3-13. Comparison of mean daily temperatures from two depths in Butt Valley Reservoir near Caribou No. 1 Intake — 2002-
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Comparison of 2002 Daily Average Temperature - Seneca Reach of the NFFR
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Figure 3-14. Comparison of daily average temperatures in the Seneca Reach — 2002
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Comparison of 2002 Daily Average Temperature - Lower Butt Creek
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Figure 3-15. Compérison of daily average temperatures in lower Butt Creek — 2002
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Comparison of 2002 Daily Average Temperature -Belden Forebay/Caribou Powerhouse complex
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Figure 3-16. Comparison of daily average temperatures from the Caribou Powerhouse/Belden Forebay complex — 2002
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Comparison of 2002 Daily Average Temperature - Upper Belden Reach of the NFFR
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Figure 3-17. Comparison of daily average temperatures in the upper Belden Reach — 2002
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Comparison of 2002 Daily Average Temperature - Lower Belden Reach of the NFFR
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Figure 3-18. Comparison of daily average temperatures in the lower Belden Reach — 2002
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Comparison of 2002 Daily Average Temperature - Rock Creek Reach of the NFFR
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Figure 3-19. Comparison of daily average temperatures from stations in the upper Rock Creek Reach — 2002
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Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

Comparison of 2002 Daily Average Temperature - Rock Creek Reach of the NFFR
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Figure 3-20. Comparison of daily average temperatures from stations in the lower Rock Creek Reach — 2002
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Comparison of 2002 Daily Average Temperature - Rock Creek Reach of the NFFR
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Figure 3-21. Comparison of daily average temperatures from river stations in the Cresta Reach — 2002
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Comparison of 2002 Daily Average Temperature - Streams Tributary to the Cresta Reach
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Figure 3-22. Comparison of daily average temperatures in streams tributary to the Cresta Reach — 2002

3-119
© 2003, Pacific Gas and Electric Company




Water Temperature (°C)

Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

Daily Average Temperature Comparison - Middle Fork Feather River with NFFR Stations
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Figure 3-23. Comparison of daily average temperatures from MFFR at Milsap Bar with selected NFFR stations - 2002
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Comparison of 2002 Daily Average Temperature - Caribou No.2 Intake
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Figure 3-24. Comparison of daily average temperatures from three stations associated with the Caribou No.2 intake — 2002

3121
© 2003, Pacific Gas and Electric Company




Lake Elevation (ft - USGS datum)

—_~

Lake Elevation (ft - USGS datum

Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

Temperatrure Profiles near Caribou No. 2 Intake
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Figure 3-25. Profile data from three stations near Caribou No.2 intake — 2002

L 3-122
© 2003, Pacific Gas and Electric Company



Lake Elevation (ft - USGS datum)

Lake Elevation (ft - USGS datum)

Draft Rock Creek-Cresta Compliance Monitoring Report — April 2003

Temperature Profiles near Caribou No.2 Intake
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Figure 3-25 (continued). Profile data from three stations near Caribou No. 2 Intake — 2002
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Daily Average Temperature Comparison - Butt Valley Reservoir
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Figure 3-26. Comparison of daily average temperatures from three stations in Butt Valley Reservoir — 2002.
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Caribou Powerhouse Utilization Test - July 2002
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Figure 3-27. Comparison of daily average temperatures from select stations during Caribou complex flow test — 2002.
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Daily Average Water Temperature - Station NF56 - 2002
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Figure 3-28. Comparison of daily average temperatures from telemetry sensors with insitu
recorders — 2002.
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Appendix A

Summary of Hourly Average Water Temperatures Data - UNFFR 2002

" Hourly Temperatures ' Data

Station Year ' Month  ‘max) min mean _ Days
[NFFR at - 2002 June 19.0 6.4 12.7 30
" Chester 2002 nly Qo 13 157 31
(NEL) 2002 Aug 191 9.8 14.2 31
2002 Sept 16.5 7.5 115 30
Hamilton 2002 June 15.3 8.1 11.8 30
Branch at - 2002 July 15.4 9.0 12.0 31
Road bridge 2002 Aug (ll.:lj 8.8 11.8 . 31
@B 2002  Sept 138 8.1 10.4 30
Hamilton 2002 June 17.8 7.9 12.6 30
Branch 2002 July 18.3 9.7 13.3 21
' Powerhouse 2002  Aug o216 143 17.5 30
@) 2002 Sept 19.6 8.2 144 30
\A Lake Almanor 2002 June 235 14.6 19.7 30
at Canyon Dam 2002 July 259 21.1 23.6 31
near surface 2002 Aug ©(@2607 214 23.1 31
mlf\S)D 2002 Sept 232 18.0 20.0 30
\A Lake Almanor 2002 June 9.5 8.1 8.9 30
at Canyon Dam 2002 July 10.7 9.2 9.9 31
near bottom 2002 Aug 114 10.2 10.8 31
CLATBY) 2002  Sept <GIE 109 113 30
lICIFFR beilo,w 2002 June - 13.0 9.8 113 30
Canyon Dam 2002  July 13.9 11.3 12.5 31
<{(NE2)2 2002 Aug 14.0 12.5 13.3 31
/ 2002 Sept 48> 126 13.7 30
(NFFR at 2002 June 16.6 9.6 13.5 30
Se% Bridge 2002 July 74> 119 15.0 31
\F3) 2002 Aug 17.0 11.5 14.5 31
=0 2002 Sept 157 106  13.4 30
(NFFR above 2002 June 17.6 104 14.3 30
“Caribou PH 2002 July 184> 131 15.9 31
<INF4)) 2002 Aug 179 121 15.0 31
, 2002 Sept 16.3 10.8 134 30
| (Buttvalley 2002 June 169 7.9 15.5 4
Powerhouse 2002 July 224 14.3 20.2 29
[Corrected] 2002  Aug °Q2% 18.4 21.2 31
@)‘7 2002 Sept 21.6 18.1 19.3 30
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Appendix A (Continued)

Daily Temperatures ' Data

Station .Year Month max min mean  Days |
N\ {Butt Valley Res. 2002 June 22.7 17.3 20.1 30
at Caribou Intake 2002  July o @35> 21.6  23.3 31

Near surface () 2002 Aug 24.8 214 227 31 .
C(BV2:9)- 2002 Sept 23.0 183 - 201 30

~\ [Butt Valley Res. 2002 June - 1211 92 104 0 | d}}
Vi

“at'Caribou Intake 2002 July 18.7 1.7 150 31
Near bottom yry 2002 Aug 20/ 184 200 31
BV2ZB) ld 2002  Sept 208 182 193 30

Butt Creek above 2002 June 18.3 8.5 13.9 30
Butt Valley 2002 = July (89> 103 147 31
Reservou 2002  Aug 177 89 131 31
\3 2002 Sept 153 7.6 ‘111 30

Butt Creek below 2002 June = 11.1 102 106 30
Butt Valley 2002 July —dI2> 105 107 31
Reservoir \) 2002 Awg (B2 104 107 31

(BC2)~> 2002 Sept 111 102 105 30

Butt Creekat 2002  June  13.3 96 115, 30
Mouth  M(' 2002 July 139 1.1 124" 31
®C3) :° 2002" Aug 40> 108 124 31
- 2002 Sept 136 105 {20 . 30

Caribou No. 1 2002  June 14.9 10.6 12.7 5
Powerhouse .. 2002 July 21.3 1.8 19.3 29
[corrected] = ' 2002  Aug + 222> 189 214 31
. (CARBY) 2002  Sept 21.6 18.0 19.7, 30

CaribouNo.2 2002  June 224 14.7 19.3 30
Powerhouse. 2002  July o Q47> 198 . 232 28
& [correctcd] 2002 Aug 24.0 213 22.5 31
ARB2A) 2002  Sept  22.6 18.1" ~"19.9 30

- A
Belden Reservoir 2002 June  21.8 17.8 19.5 30 , '
. . ) )
At Intake 2002 July o Q30> 190 21.5 31 | s¥ad
(@D - 2002 Awg 229 212 219 3l Y ovcend
2002  Sept 219 18.5 "' 19.8 30 4

NFFR below' 2002  June 193 156 174 30
BeldenDam 2002  July . 214 177 ‘194 31
C(NFs)/ 2002 Aug SC2I 199 207 31
2002 Sept 213 158 188 30
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Appendix A (Continued)

. Daily Temperatures ! Data

Station Year Month max min mean . Days
Mosquito Creek 2002 June 15.6 10.5 130 © 30
Atmouth ~ 2002 July Jd67° 129 14.7 31
(MCI)D 2002 Aug 16.4 12.0 13.9 31
2002 Sept 14.7 10.8° 122 30
NFFRnear 2002  June 213 147 171 - 30
Queen Lily 2002 July Q2D 168 19.5 31
Campground 2002 Aug 9 QZ9> 186 203 31
(NFE6)” 2002  Sept 226 144 180 30
{NFFR near 2002 June 22.5 14.3 17.5 30
Gansner Bar 2002 July (240> 163 19.7 31
(NED> 2002 Aug 238 17.3 20.1 31
2002 Sept 23.0 139° 176 30
East Branch 2002 June 25.1 158 208 30
NFFR at mouth 2002 July » 265> 205 23.8 31
(EBI)Y 2002 Aug 254 185 . 218 31
2002 Sept 227 15.5 18.2 30
NFFR atBelden 2002 June 239 15.1 19.4 30
Town Bridge 2002 July » (252> 18.2 214 31
(NE8). 2002  Aug 247 1727 207 31
2002 Sept 23.2 14.8 18.0 30
Belden ’\\.\L’ 2002 June 18.8 17.3 18.0 7
Powerhouse 2002 July ,(22® 18.7 21.2 29
O (BD2) 2002 Aug @28 21.2 21.8 31
2002 Sept 219 18.2 19.8 30
Yellow Creek 2002 June 18.9 108 " 15.0 30
Near mouth , =~ 2002 Ty @01> 146 17.1 31
«¥CH>, v 2002 Aug 19.2 12.7 156 - 31
2002 Sept 16.5 11.0 13.1 30
Chips Creek (™ 2002 June 194 8.9 13.6 30
Near mouth \ 2002 uly - Q10> 133 16.8 31
(CHIP)> . 2002 Aug 20.6 124 15.9 - 31
2002 Sept 18.6 10.8 13.7 30
NFFR below Rock  --- - - —- - -—-
~ CreekDam’ - - - - o -
- @R - - - — --- -
_NFFR at NEF-57 2002 June 224 18.8 20.3 5
Insitu Recorder 2002 July Q234D 192 21.3 31
<«(NF10) 2002 Aug 233 19.9 21.2 31
2002 Sept 21.9 17.3 19.1 30
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Appendix A (Continued)

Daily Temperatures T Data

Station Year Month ¢fiax> Min  mean Days
Milk Ranch Creek 2002 June 18.8 8.6 14.0 30
Near mouth 2002 July <204 12.5 16.4 31
CMRIY 2002 Aug 19.6 112 150 31
2002  Sept 170 96 127 30
Chambers Creek 2002 June 196 - 6.9 13.7 30
Near mouth 2002 July o9l 1238 169 31
(CHAMY: - 2002 Aug 210 112 157 31
: 2002  Sept 189 9.7 138 30
'NFFR near Tobin 2002 June 22.8 14.0 18.6 30
blw Granite Crk 2002 July 02430 182 215 3
NF1D)5 2002  Aug 239 178 210 31
2002  Sept 223 162 ' 188 30
Jackass Creek . 2002 June 19.8 7.3 ©14.1 30
Near mouth 2002 July QL2 128 170 31
(KC 2002  Aug 20.3 11.8 159 31
2002  Sept 184 105 142 30
‘NFFR abv Bucks 2002  June 224 13.7 18.6 . 30
Creek 12002 July ec24:0> 184 216 31
‘™NF12) 2002  Aug 236 177 210 31
2002  Sept 220 161 ' '18.8 30
[~ Bucks Creek 2002 June 217 97 ' 160 30
Near Mouth 2002 July ,235 139 18.6 31
{BUCK1y 2002  Aug 219 12.1° .. 16.9 31
2002  Sept 192 . 101 140 30
Bucks Creek 2002  June 199 122 - 156 27
Powerhouse 2002 July 200> 152 16.7 26
~ (BUCK?) 2002  Aug 183 132 143 21
2002  Sept 152 12.4 4:1:13.0 30
Jj‘NFFR abvRock 2002  June  22.7 14.0 18.6 30
Creek Powethouse 2002 = July 41 175 20.7 31
NED3) 2002  Aug 230 16.1 193 31
2002  Sept 209 14.2 16.3 30
1. Rock Creek 2002 June 20.3 15.5 18.1 30
Powerhouse 2002 July 2.8 19.3 21.3 31
{Rciy 2002  Aug 228 202 217 31
2002 Sept . 22.0 181 .19.8 31
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Appendix A (Continued)

Daily Temperatures ! Data

CStation; ¢Yéar> Month quax7? Min  mean  Days
Rock Creek 2002 June 18.8 10.3 14.8 30
Near mouth 2002 July 07 15.5 18.1 31
CRC2)> 2002  Aug 20.3 146 171 31
2002 Sept 18.0 13.0. 14.8 30

NFFR abv Grizzly 2002 June 21.8 15.7 18.4 30

Creek 2002 July L2258 198 212 31
(NE14) 2002 Aug 222 189 207 31

2002 Sept 213 17.0 18.5 30

Grizzly Creek 2002 June 20.4 11.0 159 30
Near mouth 2002 July °Q27> 159 19.3 31
(GRL)” 2002 Aug 223 149 18.0 31
2002 Sept 19.2 12.7 15.0 30

(NFFR at NF-56 2002  June  22.6 15.0 18.4 30
blw Grizzly Crk 2002 July 2352 191 213 31
NET5)D 2002  Aug 23.2 182 206 30
2002  Sept 219 16.5 18.4 30

(NFFR abv Cresta 2002  June 229 148 187 30
Powerhouse 2002 July <Q39> 191 217 31
CENET6) 2002 Aug 236 181 209 31
2002 - Sept 219 163 185 30

Cresta 2002 June 21.1 15.9 18.5 30

Po erhouse\ 2002 July Q28 200 214 30

R 2002 Aug Q2% - 193 210 31

2002 Sept 212 171 187 30

“onl ‘Middle Fork 2002  June 229 140 182 30
mide 6 (Feather River ~ 2002  July °Q53> 191 219 31

At Milsap Bar 2002 Aug 244 17.3 20.3 31

% e | (('JMB 1.)3?’ 2002  Sept 214 151 173 26
S el a .

1. Values are based on hourly average data, month statistics représent the maximum,

minimum, and mean based on these hourly average temperatures -For example,

the maximum June temperature represents the maximum hourly average
temperature measured in June.
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APPENDIX B

REVISED WATER TEMPERATURE MODELING FOR THE ROCK CREEK-
CRESTA HYDROELECTRIC PROJECT - FERC PROJECT NO. 1962
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- l:Dorena Goding - North Fork Feather _ 5 V ] Page 1 |
L ] ; . : : z
4 g .
“ o 3 B oF0a 4
From: ‘ <Ris|er.Palma@epar’nail‘.epa.gov> ' o ;375'"

“To: <dgoding@waterboards.ca.gov>
Date: 8/31/05 2:03PM
Subject: North Fork Feather

Here's the report (See attached file: 2002_Report_ﬁha|.doc) : L/ + O

The Figures are pages 3-100 up to 3-117 '

~ The only moritoring locations relevant to the main channel of the North
Fork Feather are labeled NF1 - NF16. There was no NF - 9 during this
year.

My visual inspection of the graphs shpw the following

0/120 days (using daily average as a surrogate for hourly) for stattons
NF1, NF2, NF3 and NF4

NF5, NF6, NF7 are close calls if you make assumptions regarding the
relationship of the daily average temperature to hourly

NF8 27/120 days >21
NF 10 36/120 days > 21
NF 11 36/120 days >21
NF 12

NF13 272 | /h:%/n /%”
NF14,15 and 16 31-42/120 days >21

I will also fax some graphs - Palma
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Comparison of 2002 Daily Average Temnperature - Lower Belden Reach of the NFFR
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Figure 3-18. Comparison of daily average temperatures in the lower Belden Reach ~ 2002
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ROCK CREEK-CRESTA COMPLIANCE MONITORINiG REPORT -- 2002

1 INTRODUCTION

1.1 BACKGROUND

NFFR water temperatures in the Rock Creek and 'Cresta.rea.chés‘r‘eﬂect a combination of
‘conditions derived from sevéral sourcés including; the upper North Feather River
(Federal Energy Regulatory Commission [FERC] Project' 2105), flows from the
imregulated. East Branch of NFFR;‘ small tributz}ry contributions, releases from Bucks
Creek Project (FERC Projef:t 619), and ﬂqw within Pr‘ojec"t'bypass reaches. The
temperature of wéter from Project 2105 is primarily deiermined‘by conditidns'at the non-
selective Prattville Intake ini Lake Almanor. Pursuant to tﬁe Rock Creek ~ Cresta
Relicensfng Settlement Agréement (Setﬂement Agfcemenp),’ 'thé Ecological Resource
Committee (ERC) and Forest Service tFS) have agreed to a pdsf—license monitoring and
modeling study to dete@ine if structural md&iﬁcation of the Pfattyille Intake is feasible,
and if these modifications can s.ustain.‘w'ater deliveries :such‘ that daily average
temperatures in tﬁe Rock Creek and Cresta reaches Would b‘é maintained below 20°C.
Pursuant to FERC Conditi(;n 4C - of the i’roject Liccmse(iésﬁed October 24, 2001),
. témpgrature mqnitoring is required during the summer months to determine if and to

what extent the 20°C temperature level can be met with reasonable control measures.

The Rock Creek-Cresta Hydroelectric Projéct License No.1962 required the Licensee to

file a water temperature mopitoring plan with FERC, which defsc‘:ribe'd the implementation

1-1
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(including a schedule for implementation) of the water temperature monitoring program |
described in Condition No. 4C of the new Project License. The Rock Creek-Cresta water
temperature monitoring plan was prepared in consultation with the Rock Creek - Cresta -

ERC and the FS and was implemented in June 2002.

The objective of the water temperature monitoring program is to:

1. Document summer water temperatures and flows in the Rock Creek and Cresta
reaches as well as in upstream areas tributary to the Project.

2. Install and monitor continuous temperatures at two telemetry statlons installed at two
flow gaging stations in the Rock Creek and Cresta reaches.

3. Determine if mean daily water temperatures of 20°C or less can be met in the Rock
Creek and Cresta reaches to the extent that Licensee can reasonably control such,
temperatures, particularly if a modified Prattville Intake is implemented.

4. Develop and verify a temperature model that predicts, with reasonable accuracy, the
temperature profile of the river based on data from two telemetered temperature-
stations.

This report ‘documents the results and subseqﬁent analysis of the 2002 monitoring

program.

1.2 PROJECT SETTING

The Licensee’s North Fork Feather River Projects (FERC 2105 and FERC 1962) are
_locafed on the North Fork Feather River (NFFR) watershed in northeastern California
(see Figure 1-1). The Project is located in Plumas County, approximately 90 miles

northeast of Oroville, Caiifornia, and encompasses approximately 30 river-miles of the

.- upper NFFR.

1-2
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The NFFR is part of the greatér Sacramento River watershed and drains a large.portion of
| the eastern Sierra-Cascade 'g'édmorphic area in Célifornia. The NFFR watershed extends
from its headwater area originating on the southéastern slope of Mount Lassen to Lake
Oroville, fravérsing lands in L;assen, Plumas, and Butte counties. The main stem lof the
Feather River is formed downstream of Lake Oroville; the Nforth, Middle, and South
forks of the Féather River are impounded behind Oroville Dam which was completed in

1967.

The monitoring progrém involved cbllecting data from facilities associated wich the
Licensee’s Uppér North Fork Feather River Project (FERC 2105) and Rock Creek-Cresta
Project (FERC 1962). Both projects are part of a major hydroélgctric éeneration network
that utiliies the water resourc;,es of the NFFR and its tributaries for hydroelectric power
generation. Downstream of fhese Projects is the Poe Project (FERC 2107) operated by
the Lic‘en.see, and the Oroville Project (FERC 2100) owned by the State of California
Department of .Water Resources (DWR).. Deii\}ering water “to ‘the NFFR upstream of

Licensee’s Rock Creek Powerhouse is the Licensee’s Bucks Creek Project (FERC 619).

. 1-3
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Figure 1-1. Regional locatibn of study area.

. 1-4
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2 STUDY DESIGN -

2.1 MONITORING PROGRAM

2.1.1 Monitoring Network '
A first year of compliance water resource rhbnitoring ‘was initiated in May 2002, and

continued through September 2002. The monitoring program consisted of monitoring

i
continuous water temperature and continuous stream flow data from selected locations.
All monitoring activities were conducted. by staff or contract personnel from the

Licensee’s Technical and Ecological Services, Land and Water Quality Unit.

A map of the system (Figure 2-1) depicts i_nonitoring stationis;.in felation to the major
Project featufes such as ‘powerhouses, reservoirs and bypass reaches. Station
identification, lOcafion, moniforing aétivity ‘and ‘the rationale for séle'ction is shown in
Table 271. Results of the 2002 water resource monitoring effort are discussed in Section

{

3.
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\,

Table 2-1

Upper NFFR Water Quality Sampling Locations

Alternate

. Station : : Monitoring
Station ID Identification Station Location Activity
NF1 ——-- NFFR above Chester, CA. F, TR
HBI1 -—-- Hamilton Branch of NFFR at HWY bridge TR,

NF-83 - Hamilton Branch Powerhouse F

HB2 -—-- Hamilton Branch Powerhouse — canal head-works TR

LAL-S -—-- Lake Almanor near Canyon Dam - Epilimnion TR - buoy

LAl-B -—-- Lake Almanor near Canyon Dam - Hypolimnion TR - buoy

LA-P1 -—-- Lake Almanor near Canyon Dam — near intake IS-P

LA - P2 . %]fi; )Almanor - Offshore of Prattyill_e Intake IS-P

LA-P3 ---- Lake Almanor — middle of Eastern lobe (LAS8) IS-P

LA-P4 ---- Lake Almanor — middle of Western lobe (LA6) IS-P

LA-MET - » Meteorological station on Prattville Intake M

NF-1 11-399000 Lake Almanor near Prattville Lake storage
| NF2 R NFFR below Canyon Dam TR,

NF-2 11-399500 NFFR below Canyon Dam F .

NF3 ---- . NFFR at Seneca ‘ . TR

NF4 NF-47 (PG&E) NFFR above Caribou No.1 Powerhouse TR F

BV1 Butt Valley Powerhouse Tailrace TR,

NF-71 11-400600 Butt Valley Powerhouse F

BV2 S - BVR near Caribou No.1 Intake - Epilimnion TR - buoy

BV2 B ---- BVR near Caribou No.1 Intake - Hypolimnion TR - buoy

BV-P1 - BVR at.Caribou No. 1 Intake IS-p

BV-P2 -—- BVR near Cool Springs Campground IS-P

BV-P3 -—-- BVR near boat ramp IS-P

BV-P4A ---- BVR near Caribou No.2 intake channel IS-P (special)

BV-P4B -—-- BVR at mouth of Caribou No.2 intake channel IS-P (special)

- NF-8 11-401050 Butt Valley Reservoir near Caribou (at dam) Lake storage

CARBI1 --- Caribou No. 1 Powerhouse tailrace TR

NF-63 11-401110 Caribou No. 1 Powerhouse F

CARB2 -—- Caribou No. 2 Powerhouse tailrace - TR

CARB2B - Caribou No. 2 Intake channel bottom at structure TR

NF-263 11-401109 Caribou No. 2 Powerhouse F .

BC1 - _ Butt Creek upstream of Butt Valley Reservoir TR

NF-4 11-400500 Butt Creek below ABC tunnel, near BVR F

BC2 ---- Butt Creek downstream of Butt Valley Reservoir TR

BC3 ---- Butt Creek near confluence with NFFR TR, F

BD1 -—-- Belden Reservoir at powerhouse intake TR

NF-67 11-403050 Belden Reservoir Lake storage

NF-103 - Oak Flat Powerhouse F ’

NF5 NFFR below Belden Dam TR

NF-70 11-401112 -NFFR below Belden Dam F

MC1 --- Mosquito Creek near mouth TR, F

NF6 o . NFFR near Queen Lily Campground TR

| 222 .
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1

‘Table 2-1 Continued

Alternate VS

. Station ' . . Monlt?rlr}g
Station ID Identification Station Location Activity
NF7 - NFFR near Gansner Bar TR
EB1 - East Branch of NFFR above confluence TR
NF-51 11403000 East Branch of NFFR above confluence F
NF8 ———- NFFR at Belden Town Bridge TR
BD2 ---- Belden Powerhouse tailrace TR
NF-74 11-403050 Belden Powerhouse - F
YC1 ——— ' Yellow Creek near mouth ‘ TR, F
RCK-MET  ---- Meteorological station on Rock Creek Dam M
CHIP -—-- Chips Creek near mouth o TR, S
NF9 - NFFR below Rock Creek Dam . TR
NF10 - NFFR below Rock Creek Dam at NF-57 ' TR
NF-57 11-403200 NFFR downstream of Rock Creek Dam F
MRI1 ——— Milk Ranch Creek near mouth TR, F
CHAM —— Chambers Creek near mouth TR, S
NF11 ———- NFFR below Granite Creek TR
JC1 - Jackass Creek near mouth TR
NF12 - NFFR above confluence with Bucks Creek TR
BUCK1 11-403700 Bucks Creek near mouth ' TR, F
NF-20 ——— Bucks Creek Powerhouse F
BUCK2 - - Bucks Creek Powerhouse tailrace TR
NF13 - NFFR above Rock Creek Powerhouse TR -
RC1 11-403800 Rock-Creek Powerhouse (internal) TR
NF-64 — Rock Creek Powerhouse F
RC2 —m—- Rock Creek near mouth TR, S
NF14 ———— NFFR below Cresta Dam TR
GR1 --- Grizzly Creek near mouth TR, F
NF15 - NFFR downstream of  Grizzly Creek TR.
NF-56 11-404330 NFFR downstream of Grizzly Creek F
NF16 — NFFR upstream of Cresta Powerhouse TR
CR1 ——— Cresta Powerhouse(internal) TR
NF-62 11-404360 Cresta Powerhouse F
MBI1 o Middle Fork Feather River at Milsap Bar , | TR

e 23
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122, 2METHODOLOGY
~272.1 Flow Mohiforing
Stream flow was rﬁonitored throughout the Project area in 2002 at a seven stations (NF1,
NF4, BC3, YCI, MR1, BUCK]1, and- GR1). Flow data were also obtained from
pérfnanenf stream flow gages and frofn. powerhouses associated with the Projéct through
Pacific Gas and Electric Compahy’s Hydroelectric Depaﬁment. Flow monitoring station

locations are shown on Figure 2-1 and are described in Table 2-1.

Each of the temporary ﬂ;)w monitoring stations consisted of a Campbell CR510 digital
recorder, associated Druck 5 psi pressure transducer and a stage pin. The staée pihs and
pressure transducer were placed in-stream, while the digital recorders were located on the
vstream bank in locked enclosures. The digital recorders wer;a set to fecord instantane(.)us’
.readings every 15 minutes, and stored this data as.hourly average transducer values. All
data were stored in non-volatile memory. During routine site visits, stream sfage was

recorded, and stored hourly average transducer data were downloaded to computer.

~ A simple linear regl;ession was _used to define ‘the felationship betweeﬁ transducer
réadings' and the associated stream stage measurements at each station. Average hourly
transducer reédings were then converted into average hourly stream stage readings using
the resultant re.gression equation. The conversion to a stage value based on a fixed
reference (stage pin) facilitated year ’to year comparison of flow measurements and

allowed for correction for error associated with transducer drift.

P
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Stream flow measurements Were 'lmade at each stati.on durlng routine site visits at
transecis located near eéch égaging station. Measurements ‘vx;e‘re made using U. S.
Geo&ogical Survey (USGS)- ai)proved stream flow measuremerit‘techniques' (Buchanan
1980). All measurern.ents were made using a Price AA-type ﬂjoﬁv meter, and S-foc')t top-
setting wading rod. The errors associated wit:h measu’reménts, ma(ie in the river were
estimate;d at 10 to 15% due to the large substrate and abundant amount of veggtation in
the channel. Measurements made in the tribﬁtary- ¢creeks had an eétimate(li error of 8 to

10%. The.primary obj'eétiVe of the routine flow measurements was to cover the range of

observed flows in order to develop a stage-flow rating equation; |

The relatjonship of strearri stage to stream ﬂoku(stage-ﬂow ratihg) was developed using
flow measurements and fhe iassociated stage pin readings cOilééted dhring routine site
visits. The resultant stage-flow rating was used to con?ert avérég‘e hourly stage readings
into average hourly flow. The rating is only applicable to ﬂo,\yilf within the defined range
of stage, and is also subject.to changes in the hydraulic cc')n;tr.ol. All instrumentatioh-’
. . installed in situ was removed“, during-months‘ when seasonal high “ﬂc‘)ws could damage the

equipment.

'Dlaily flow at four tributary si,treams (Mosaquiito, Charnbgrs, Chips, and Rock creeks) was
estimated based on periodic ﬂow measurements. A linear debe;y between: measurements
was assumed to generate a daily flow estimg‘té. A staff gage (siége pins) was installed at
elach of these stations to. périodically méasure stream sta‘gzé.‘ A total of at leastv foﬁr

measurements were made at each station between June and September.
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11:22.2.2 Meteorological Monitoring

Local metcorology was monitored to prdvide input to the stream temperature model.
de temporary stations were placed in the Projéct area. One station was located on the
Pratﬁ/ille Intake at Lake Almanor; another was located on Roo;k Creek Dam (Figure 2-1).
These stations effectively represent conditions in the upper and middle lportion of the
. Project. Parameters that were measured inclﬁded; average wind speéd and direction, air
temperature, re]ative humidity, and vsolar radiation. These parameters were monitored

continuously using a Campbell Scientific Model CR10 data logger. Data were collected

at 1-second intervals and reduced to hourly average readings.

+1:32.2.3 Temperature Monitoring

The temperature-monitoring program used recorders from three different manﬁfactures to -
, monit.or femperature dﬁring the 2002 effort. The bulk of the data loggers deployed iﬁ the
system were Vemco ‘Minilog 12T recorders. These units recordéd <‘:c‘>ntinuous‘
temperature data as instantaneous readings taken at 20-minute intervals, these data are
then converted info hourly average temperatures. Campbell Scientific Model CR510
recorders were used at seven stations to monitor temperature. These recorders were also
used to record éontinuou§ stream stage (flow) at the same locations (Table 2-1). The
CR510 loggers recorded continuous temperature data as hourly averages based on .
readings taken at 15-minute intervals. A final type §f recorder deployed during the
monitoring prografn was the Omnidata Model DP112. These ‘units were placed at six
locations;»these recorders Wefe used exclusively on Project powerhouses (Cariboﬁ No. 1,

No. 2, Belden, Rock Creek, and Cresta). The tailrace characteristics of these facilities
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dictated that the temperature sensors be installed internally in the powerhouse. The
DP112 loggers recorded continuous temperature data as hourly averages based on

readings taken at 5-minute intervals.

Stream temperature sensors were typically deployed in wcll-iri_ixed areas with elevated
velocity and turbulent flow to ensure representative measurements. In general,
continuous monitoring of temperature was conducted from June through Septembér

2002.

During the period June through September 2002, vertical prbﬁles were collected from 4
locations on‘ Lake Almanor and' from three locations on Butt Valley Reservoir to
determine the magnitude and seasonal dévélopmént of thermal éradicnts. Profiles were

defined ﬁsing 1-meter vertical spacing from the surface to the bottom.

-In addition to the synoptic prc‘)ﬁles‘ collected at the three Project reservoirs, vertical
temperatures in Lake Almanor and Butt Valley were continuously monitored from June
‘through September 2002. Temperatures were monitored at a single station near the dam

in each reservoir (Figure 2-1). A thermistor'afray consisting; of Vemco Model Minilog

12T recorders positioned‘ at‘iwo depths, near the surface (1.0 meters below surface) and
near the bottom (2 meters: above bottom to resting on bqttoin depending on lake
“elevation), was placed at each location. The thermistor array was suspended from a buoy

so that each recorder was maintained at a fixed depth below the surface.
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To verify the operation and accuracy' of the temperature recorders, the units were
calibrated using an American Society for Testing aﬁd Materials (ASTM) reference
thermometer, both prior to and following removal from the in situ deployment. Typical

instrument error is between 0.1 and 0.2°C. -

Temperature records from instruments placed internally or in the tailrace of the vaﬁdus
Project powerhouses were corrected to reflect periods of powerhouse operation. This
process was done on an hourly basis by cdmparing powerhouse load record's. with
temperature fecorder data. This processed helped eliminate periods. when there was little

or no flow through the powerhouse.and temperatures reflected stagnate conditions.

| 2-8
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Figure 2-1. Map of station locations used dunng. the 2002‘momtoring program,
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3 MONITORING RESULTS - 2002

3.1 HYDROLOGY AND METEROLOGY

3.1.1 Streamflow and Reservoir Operation

The Licensee’s Upper NFFR Project encofnpasses tﬁe water resources and aquatic
habitats of fhe upper NFFR drainage basin '(from Lake Almanor to the NFFR confluence
with Yellow Creek [headwaters of Rock‘ Creek Reservoir]). The majority of flow
en(teringihe Project originates from water first stored in Lake Almanor. Water is then
passed. downstream through‘ a series of powerhogses and associated forebays. The
Liéensee’s ‘Rock Creek- Cresta Project encompasses the water reéources of the middle
portion of fhe NFFR basin, 'extending from the conﬂqence of Yellow Creek to the.

headwaters of Poe Reservoir.

In addition to the permanent flow monitoring stations, the Licensee installed a series of
temporary flow monitoring gages. These gages provided supplemental information in
support of the temperature modeling effort. Table 3-1 summarizes sfreamﬂow data from -

\

these temporary flow-monitoring stations.

3-1 . _
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Table 3-1

Summary of 2002 stream flow monitoring at permanent and temporary stations.

\

Daily Average Flow ' - - Powerhouse Data
Station - Year Month max  min mean Operation? Days
NFFR near 2002 June 397 214 298 e 30
Chester (NF1) 2002 July 212 139 - 175 -—- 31
[Estimated] 2002 - Aug 136 112 120 - 31
2002 Sept 111 97 104 - - 30
Hamilton Branch 2002  June =~ 85.5 69.7 768 . - 30
at A13 Bridge 2002 July 950 67.7 76.8 — 31
(HB1) 2002 Aug 78.0 75.8 76.5 - - 31.
{Estimated] 2002 . Sept 762 61.0 71.7 - 30
Hamilton Branch 2002 June 38 32 34 100%: 30
Powerhouse 2002 July 35 0 23 69% 21
(NF-83) 2002 - Aug 92 11 79 97% 30
[Corrected] =~ 2002  Sept 79 35 72 . 100% 30
NFFR below 2002 June 36.5 36.5 36.5 --- .30
Canyon Dam 2002 July 36.9 36.1 36.5 - 31
. (NF-2) 2002  Aug 361 35.2 358 . --- 31
[Permanent] 2002  Sept 35.2 34.7 349 - 30
NFFR above 2002,  June 83.2 77.6 80.1 - 30
' . Caribou PH 2002+ July - 773 749 759 --- 31
(NF4) 12002, Aug 754. 733 742 v - 31
[Temporary] - 2002 - Sept 73.5 71.2 72.7 .- 30
Butt Valley 2002 June 1084 0 115 6.5% 4
Powerhouse 2002 July 1283 0 746 . " 49% 29
[Corrected] © 2002 Aug 1439 159 984 63% - 31
(NF-71) 2002 Sept 1615 504 1436 90% 30
Butt Creek at ABC 2002, June 71.8 48.3 56.2 - 30
Tunnel (NF-4) 2002 July 47.6 43.6 45.6 ! - 31 .
[Permanent] 2002 Aug 43.8 421 = 429 --- 31
- 2002 Sept 42.4 409 416 - 30
Butt Creek at 2002 June 14.2 14.0 14.1 - 30
Mouth - 2002 July 14.2 13.7 139.. - 31
(BC3) 2002 Aug 14.3 14.1 14.2 - 31
[Temporary] =~ 2002 Sept 14.6 14.1 143 - 30
Caribou No. 1 2002 June 325 .0 - 21 4% 5
Powerhouse 2002 Tuly 564 0 285 47% 29
(NF-63) 2002  Aug 744 129 516 67% 31
[Corrected] 2002 Sept 716 247 503. 72% 30

' 32
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Table 3-1 (Continued)

Daily Average Flow'  Powerhouse Data

Station Year Month max min mean Operation’> Days
Caribou No. 2 2002 June 722 108 245 98% 30
Powerhouse 2002 July 735 0 332 90% 28
(NF-263) 2002 Aug 719 33 484 100% 31
2002 Sept 1070 245 912 100% 30
Oak Flat 2002 June 0 116 105 29
Powerhouse 2002 July 0 116 64.5 --- 19
(NF-103) 2002 Aug 111 116 114 - 31
2002 Sept 114 -49.2 - 26
NFFR below 2002 June 145 143 144 -- 30
Belden Dam 2002 July 144 142 143 --- 31
" (NF-70) 2002 Aug 144° 142 143 --- 31
[Permanent] 2002 Sept 143 62 69 - 30
Mosquito Creek 2002  June 7.5 5.1 6.2 - 30
At mouth 2002 July 5.1 42 4.6 --- 31
(MC1) 2002 Aug 4.1 4.0 4.1 - 31
[Estimate] 2002 Sept 4.2 4.1 4.1 - 30
East Branch 2002 ° June 334 117 187 - 30
NFFR near NFFR 2002 July 118 514 79.9 - 31
(NF-51) 2002 Aug 60.9 45.0 52.5 - 31
[Permanent] 2002  Sept 62.0 48.8 55.9 - 30
Belden 2002 June 830 0 121 12% 7
Powerhouse - 2002 July 1216 O 518 48% 29
(NF-74) 2002 Aug 1504 241 1001 73% 31
2002 Sept 1513 677 1108 91% 30
Yellow Creek 2002 June 117 64.5 81.5 - 30
Near mouth 2002  July 63.6 524 56.9 31
(YC)) 2002 Aug 537 50.8 522 - 31
[Temporary] 2002 Sept 54.0 488 ° 513 --- 30
Chips Creek 2002 June 107 33.8 64.3 - 30
Near mouth 2002 July 333 18.2 25.7 . --- 31
(CHIP) 2002 Aug 17.7 14.4 15.5 --- 31
[Estimate] 2002 Sept 14.3 12.4 13.3 .- 30
NFFR below 2002 June- 1133 170 267 --- 30
Rock Creek Dam 2002 July 774 150 216 - 31
(NF-57) 2002 Aug 553 191 209 --- 31
[Permanent] 2002 Sept 650 196 229 --- 30
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-

| ‘Table' 3-1 (Continued)

1

1

Daily Average Flow ' Powerhouse Data

. Station Year, Month max min- mean Operation? Days
Milk Ranch Creek 2002  June 98 64 8.2 - 30
.Nearmouth - 2002, July 6.2 4.1 50 - . 31
(MR1) 200\2‘ Aug 42 34 37 - 31
[Temporary] 2002  Sept 3.5 3.2 33 --- 30
Chambers Creek 2002°  June 469 9.9 25.2 e 30
Near mouth 2002  July 9.7 4.6 4.1 --- 31
(CHAM) 20020 Aug 44 3.0 35 S 31
[Estimate] =~ 2002  Sept 3.0 25 2.7 --- 30
Bucks Creek 2002 June @ 24.1 190 217 . - 30
Near Mouth 2002 July 18.8 13.8 16.1 " - 31
(BUCK1) 2002 Aug 137 107 - 121 o - 31
[Temporary] 2002 Sept 13.5 102 122 . - 30
Bucks Creek 2002  June 5t 5 19 - 29% 27
Powerhouse 2002 July 194 1 83 36% 26
. (NF-20) 2002 Aug 228 0 - 113 4% 21
’ 2002  Sept 237 109 171 " 92% 30
Rock Creek 2002° June 1342 204 479 . 98% 90
" Powerhouse 2002  July 1358 97 756 - 100% 31
(NF-64) - 2002 Aug 1596 184 1095  100% 31
' . 2002 Sept 1744 422 1466 100% 30
Rock Creek 2002 -June 445 89 216 30
Near mouth 2002 © July 8.7 3.0 58 - - 31
(RC2) 2002  Aug 2.8 2.1 <23 --- 31
[Estimate] © 2002 Sept 2.1 1.7 1.9 - 30
Grizzly Creek 2002  June  38.8 289 336 - 30
Near mouth 2002 July 284 200 241 - 31
(GR1) 02002 Aug 202 151 175 ' e 31
[Temporary] 2002  Sept 169 129 14.6 - 30
NFFR below 2002  June 1109 271 321 07 s - 30
Grizzly Creek 2002 July 805 235 265 --- 31
(NF-56) 2002  Aug 568 236 260 |, - 31
[Permanent] 2002 Sept 667 240 262 30
Cresta 2002 June 15760 243 600 " 66% 30
Powerhouse 2002  July 1457 12 820 55% 30
(NF-62) 2002 Aug 1698 216 1135 - 63% 31
2002 Sept 1898 544 1658 . ' 82% 30

1. Daily values are based on hourly average data, month statistics ‘represent the
" maximum, minimum, and mean based on these hourly average flows.

2. Percent powerhouse operation is based on hourly generation data.
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34:1.13.1.1.1 Lake Almanor and tributaries

- The major tributaries feeding into Lake Almanor are the NFFR at Chester with an historic
average annual flow of approximately 335 cfs, the Hamilton Branch with an historic -
average flow of 190 cfs, and a number of minor tributaries including. Benner, Last

Chance, and Bailey creeks.

Flow in the NFFR upstream of Lake Almanor (which provides an estirﬁated 50 percent of
: thé annual. inflow to Lake Almanor) is derived from headwaters that originate on the
Slopes of Mount Lassen. During the 2002 monitoring program, flow in the NFFR
upstream of Lake Almanor was measured at a temporary stream gage (NF1) located
upstream of the city of Chester, CA. Mgan daily flow at this station for the period June-
September 2002 ranged from 97 to 397 cfs, averaging 174 cfs. Figure 3.1 compares daily

average flow from the NFFR with other stations tributary to Lake Almanor.

Flow in the Hamilton Branch (which provides 20 to 25 percent of the annual inflow to
Lake Almanor), originates from the Licensee’s Mountain Meadows Project (to be
amendedrto the Apf)lication for New License, FERC License 2105). During the 2002
monitoring progr.am, flow in the Hamilton Bréﬁch, was measured upstream of Lake
Almanor at a temporary stream gage (HB1). This station is located near the confluence
with Lake Almanor, and is downstream of a series of small diversion féci.litieé that
diverts flow into a canal that supplies 'the Licensee’s Hamﬂtén Branch Powerhouse.
During the June-Sei)tember 2002 monitoring period, estimated mean daily flows in the

Hamilton' Branch upstream of Lake Almanor ranged from 61 to 95 cfs, with an average

3.5
© 2003, Pacific Gas and Electric Company




~ Draft Rock Creek-Cresta Complianee Monitoring Report — April 2003

flow of 75 cfs. Figure 3.1 compares daily average flow from the Hamilton Branch w1th

other stations trlbutary to Lake Almanor.

Thelsecond ‘locatior.l monitorrng flow in the Hamilton Branch system as inflow to Lake
Almanor is the Licensee’s Harnilton Branch Powerhouse (NF-83). This facility is located .
near the rrrourh of the Hamilton Branch River and discharges directly ir1to Lake Almanor
(Figure 2-1). During the June-September 2002 rnonitering peried, mean daily flows at
the Hamilton Branch Powerheuse averaged 52 cfs and'ranged from .'0 to 92 cfs. Figure

3.1 compares daily average ﬁow from Harnilfon Braneh PoWerhouée with other stations -

tributary to Lake Almanor.

Lake Almanor is the primary storaée reservoir for the Upper NFFR PrOJect it is located
about 90 miles upstream of the city of Orovﬂle Lake Alrrrarlor was created by the
constructlon ofa hydrauhc ﬁll dam now referred to as Canyon Dam. Canyon Dam was
completed in various phases between 1913 and‘192‘7.v Laké Almanor has a normal
rna)rimum water surface elevation of 4,504 ft (USGS datum) |a.r‘lld a storage capacity of
. 1,142,00 .aere-ft.l The average residence time in Lake Almanor is approximately 291
days.. Major lake eutlets include the Canyon Dam Intake, which releases water to the
- NFFR. downstream of take Almanor (Seneca Reach), and the Prattville Intake tﬁat
diverts water ro Buft Valley Reservoir -through Butt Valiey :P‘owerhorlse. Figure 3-2

presents daily average reservoir storage for Lake Almanor for the June through

September 2002 monitoring period.
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Releases from the Prattville Intake to Bu& Valley Reservoir represent the greatest portion
of water released from Lake Almanor. The maximum flow through the intake is 2,200
cfs. The Prattville Intake is a high-Froude number structure; as a result, water is drawn
from the entire water column regardless of thermal stratification conditions. The tunﬁel
| invert is situated at the bottom. of a narrow steep-sided trough that coﬁnects the relati'vely
shallow intake channel with the deeper areas of the reservoir. The invert of the Prattville
Intake is l_ocated at 4,420 ft. (USGS daturh). However, access to the deeper areas of Lake
Almanor is restricted by the shallow approach channel that has a base eievation of 4,432
ft (USGS datum). Asa resuit, the water withdrawn by the Pr’attvilie Intake is primarily

from the warmer layers in the lake.

1:1:1:23.1.1.2_Butt Valley Reservoir and tributaries

'The main source of inflow to Butt Valley Reservoir is the discharge from Butt Valley
. Po;verhouse (NF-71), which dfaws water from Lake Almanor through the Prattville
Intake. During the June-September 2002 monitoring period, mean daily.ﬂows in Butt
Valley Powerhouse averaged 820 cfs and ranged from 0 to 1,615 cfs. Figure 3-3
compares daily average flow through Butt Valley Powerhouse with those from the other

powerhouses associated with the Upper NFFR Project.

Butt Creek is the ohly signiﬁc,ant‘natural tributary entering Butt Valley Reservoir.
During the June-September 2002 monitoring period, mean daily flows in Butt.Creek (NF-

4) ranged from 40.9 to 71.8 cfs, with an average flow of 46.6 cfs.
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On an annuali basis, the Butt Valley Reservoir water surface elevations fluctuate by aboﬁt
10 to 15 feet from the maximum water surface elevation of 4,142 ft. (USGS datum).
Under normal operating conditions; daily changes in elevation are typically less. than 1
. foot. “The fetention time f(j)r water traveling through the reservoir is 14 to 32 days
depending on opérating'_ con(ilitions. Figﬁre 3-4 presents aveﬁage daily storage for Butt

Valley Reservoir for the J une through September 20002 monitoring period.

The prirhary outflow from the Butt Valley Reservoir is thrbugh the intakes for Caribou
No. 1 and No. 2¥ vpowerhouses. The Caribou Né. 1 Intake has a capacity of aboﬁt 1,100
cfs and is located in the deepést area of Buttj \}alley Reservoir near the dam. The Caribou
No. 1 Intake tunnel invert elevation is at 4,077 ft. (USGS datum). The actual Caribou
No. 1 Intake structure is located in a small depressidn zone. Recent bathymetric éurveys
(April 1996), indicated that the main approach channel has an elevatién of 4,095 ft.
. (USGS datum). Caribou No. 2 Intake has a le;rger capacity (1,460 cfs), and is located in a
shallow channel with an entrance e’levation: (channel invert) of 4,110 ft. (USGS datum).
Because of the higher inve?rt elevétioni thej Ca_ribou No. 2'! fntake' withdf'aws warmer

surface water from the reservoir,

No cdntrolled minimum release is made from Butt Valley Dam to the Butt Creek channel
dpwnstream of the resérvo&. The resewojr ra;rely sﬁills due to the large combined
outflow capability of Caribou No. 1 and Njo, 2 powerhouses;‘(j'Zj,56O cfs).' The Licensee
has monitored leak:_age ﬂows in Butt Creek ?beldw Butf Valley Dam since 1997 to ensure

that leakage flows were not reduced after seismic restoration work on the dam was
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| completed in 1997. The average annual leakage flow is about 0.07 cfs (32 gallons per
minute [GPM]). Flow conditions in Butt Creek below Butt Valley Dam will be discussed

in the following Section.

1:1:1-33.1.1.3 Seneca Reach of the NFFR and tributaries |

- The Seneca bypass reach (Seneca Reach) consists. of a 10.8-mile section of the NFFR
extending from Canyon Dam to Caribou Nofl Powerhouse. A’ seasonally constant
.m'i’nimum o_f‘35 cfs is released fro‘m Canyon Dam to the NFFR in accordance with Article
26 of FERC License 2105. Flows are measured by the .Licenéee in cooperation with the
USGS ata pg’:nnanént gaging sfation (NF-2) located approximately 0.5 mile‘ downstream
" of the release structure. During the Jﬁne-September 2002 mbnjtoring period, mean daily
flows in NFFR below Canyon Dam (NF-2) ranged from 34.7 to 36.9 cfs, and averaged

35.9 cfs.

" Butt Creek enters the NFFR approximately 1.25 miles upstream of Belden Forebay. Butt
Creek is the largest of the NFFR tributaries in thg: Seneca Reach. There are no minimum
flow requirements for Butt Creek below Buit Valley Resewoir. Flows in Butt Creek
downstream éf Butt Valley Dam consist primarily of spring flow accretion, supplemented
with leakagé from the Butt Valley Dam, and tributary inflow from Bennér Creek. Dpring
the June-Séptémber 2002 monitoring period, mean daily flows i;l Butt Creek near its .
cc_)nﬂuenc'e with the NFFR (BC3) ranged frém 13.7 to 14.6 cfs, with an average flow of

14.1 cfs.
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The monitoring station located on the NFFR aﬁovg Caribou Powerhouse (NF4) is also the
site pf a discontinued permanent gage .(NF‘-47). - This station; capturés the total flow
entering Belden Forebay from the Senec.‘,a‘ Reach. During the June-September 2002
monitoring period, mean daily flows in NFFR above Caribou Ppwerhouse from 71.2 to

" 83.2 cfs, and averaged 75.7 cfs.

- The total mean daily tributary and lateral accretion flows were calculated for the entire

“Seneca Reach. For the June through Septémber 2002 period tributary flows ranged from

(A

36.0 to 46.7 cfs, and averaged 39.8 cfs. The measured range of aécretion (36.0 to 46.7

‘I
cfs) constitutes a 103 to 133 percent dilution effect under the existing 35 cfs in-stream

release from Canyon Dam.

.  1:1:1:43.1.1.4 Belden Forebay and Caribou Powerhouse coinp‘lex

Belden Reservoir is located on the NFFR approximat'ély 10.8 miles downstream of
Caﬁyon Dam. Belden Fbreba'y forms the aﬁérbay for the Caribou Powerhouses, and is the
.fbrebay for Belden Powerhouse. The forebay was created by a rock-filled dam in 1958 .
and has a maximum 'water surface elevation Of 2,985 ft. (USGS datum) and a 'usable ‘
‘storage capacity of 2,477 acfé-ﬁ. Under norrna‘l‘ operation, tﬁe ‘water surface eievatioh

' ﬂucfuates between 2,960 ft. énd '2‘,973 ft. depénding orjl power ‘c:)perations. Lake Almanor |
and Butt Valley Reservoir éontrol fhe ,majority of upstréarfl' run-off; as a result, spill

events at Belden Dam are rare. Belden Fofébay has no stofage capability and therefore

the operation of the Caribou Powerhouses is closely‘ coordiriated with the operation of -
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Belden Powerhouse as well as Licensee’s other downstream powerhouses. The average

residence time in Belden Reservoir is estimated at approximately 0.5 to 1.0 days.

The majority of ﬂoW entering Bel&en Forebay originates from Butt Valley Reservoir and
is discharged through the Caribou No. 1 and No. 2 powerhouses. These po?velrhouses
have avérage annual flow rateé.of 615 and 674 cfs, respectively (Pacific Gas and Eléctric
Company 1999). Additional inflow is received from the Seneca Reéch of the NFFR,; the
average annual inﬂow'from: this source is approximatély 120 cfs. Caribou Nb. 1 was
_completed in 1921 and Caribou No. 2 was completed in 1958. Depending on water
availability and power requirements, one or botﬁ powerhouses may be used. The

generating units at Caribou No. 2 are more efficient than those at Caribou No. 1, and their

operation is favored.

buring the June-September 2002 monitoring period, mean daily flows at Caribou No.1
Powerhouse (NF-63) ranged from 0 fo 744 cfs, and averaged 331 cfs. Flow thrdugh the
Caribou No. 2 Powerhouse (NF-263) during 2002 ranged from 0 to 1,070 cfs, and
averaged 493 cfs. Figure 3-3 compares daily average flow throu_gh the Caribou No.1 and
. No.2 powerhouses with those from the 6tﬁer powerhouses associated with the Upper

. NFFR Project.

The _primafy outflow from Belden Forebay is through an intake structure located on the

left bank (looking downstream) near Belden Dam. This intake provides flows of up to
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2,610 cfs to Belden Powerﬁouse, which is located- on Yellow Creek ifnm_ediaﬁely
upstream of the confluence of Yellow Creek with the NFFR. Water released from
Belden Pdwerhouse enters ‘th‘e NFFR at its coﬁﬂueﬁce With Yellow Creek; this flow
enters the Licenseg’s Roci( Creek Reservoir irﬁmediately downstream. | During the June-
Séptember 2002 monitoring period, mean daily flow at Belden Powerhouse (NF74)
raﬁgéd frém 0 to-»1,513 cfs, and éveraged 687 cfs. Figure 3'-3‘ éoﬁpares daily average
flow through Belden Powerhouse with thoSe:from the othgr povx;erhouses associated with

'~ the Upper NFFR Project.

+1:1:53.1.1.5 Beldeh Reach of the NFFR and tribufariés o

The Belden -bypass reach (Bélden Reach) 1s a 9.3-mile section of the NFFR extending
from Belden Dam to the confluénce of the NFFR and Yellow Creék. Prior to July 1985,
relea;es from Belden Forebay to-th.e NFFR immediately dowﬁstream of the Belden Dam
were’made from a low-levei release in the_ dam or bits upper spillway] gates. | Oak Flat
Powerhouse was cdmpleted 1n 1985 and opérates on the instream flow release fnadé at
the base of Belden Forebay Darn To accommodate the tw§ flow rates the turbine hés a
high flow and avlow flow runner. These runners are cﬁanged in thé spring and fall. This
chaAnge-out takes a few days and during this time the instream ﬂow is met by reléasing
water through the pressurel release valve at the end of the outlet pibe solthat a continuous
release is maintained. During the June-September 2002-h10nitbring 'peribd, mean daily
flows thiough Oak Flat Powerhouse (NF-103) ranged from 0 to1 16.cfs, and averaged 83 .

cfs. .
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"Under the terms of FERC License 2105 and the California Department of Fish and Gamé
(CDFG) agreement, the Licensee reléaseé a minimum of 140 cfs from the last Saturday in
April to L_aborlDay and 60 cfs duﬁng the re;t of the year to the NFFR downstream of
Belden Dam for the maintenaﬁce of fish life in the Belden Reach of the NFFR. | The
instream flow releases from Belden Dam are measured at a compliance stream gage
vlocated approximétely 0.5 mile downstream of the Belden Dam-Oak Flat Powerhouse
compiex. During the June-September 2002 monitoring period, meaﬁ daily ﬂovﬁ in the

NFFR below Belden Dam (NF-70) ranged from 62:1 to 145 cfs, and averaged 125 cfs.

Mosquito Creek is the largest tributary to the NFFR between Belden Forebay and the
NFFR confluence with the East Branch NFFR (EBNFFR). Flows in Mosquito Cr_éek
typic;ally range from 2 to 10 cfs during the period June through September (Pacific Gas
" and Electric Company 1987). Flows in Mosquito Cregk were estimated based on
periodic flow measurements and regression comparison to monitored flows in" Yellow
Creek. Based on this estimation, mean daily flows dui‘ing the June-September 2002

monitoring beriod ranged from 4.0 to 7.5 cfs, and averaged 4.8 cfs.

" The EBNFFR is a large unregulated tributary of the NFFR with an average annual flow
of )1,031 cfs (Pacific Gas and Electric Company. 1999). The EBNFFR and the NFFR
merge approximately 1.75 miles upstream of the confluence with Yellow Creek. Winter
and spring flows in the EBNFFR are sufficient under most cohditions to allow the
. Licensee to operate the Upper NFFR Project such that water is stored in Lake Almanor

. until réquired by the downstream production facilities. During the June-September 2002

3-13
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monitoring p_eriod, mean daily flows in EBNFFR ranged from 45.0 to 334 cfs, with an

average of 93.7 cfs.

1

Yellqw Creek is one of the lar]ger tributary st‘reams cont‘ributirllgh to the NFFR downstream
of the qohﬂuence with the EBNFFR. Typical flows in Yellow Creek range from 40 to
170 cfs during the June throﬁgh .September period (Pacific Gais and Electric Coﬁpmy
1986a, 1987). Flows were ca;lculated based‘on Hourly average stage data, and a rating
developéd using periodic flow measurementé. Flbw during June through September 2002

ranged from 48.8 to 117 cfs, éveraging 60.5 cfs. .

$:11:63.1.1.6 Rock Creek Reach of the NFFR and tributaries.

Rc;ck C;eek Reservoir is lqclclfed on the NFFR approXimate]y 3.0 rﬁiles downstream of
'.Belden Powérhouse.' Rock Creek Resetvoir folrms the aﬁerBay for Belden Powerhouse,
and is the forebay for Rock Creek Powerhouse. " 'I;he forebéy was created by a concrete
dam in 1950 and has a maxfmum water éurface elevation of '2l,216‘.2 ft. (USGS datum).
Rock Creek Rescfvoir's original operating capacity of 4,400 acre-feet at 2,216.2 ft. has

beer significantly reduced (greater than 50%) by sediment accumulation.

Chips Cfeek is a major tributary of the NFFR, discharging directly into Rock Creek
Reservoir. Flows in Chips Creek were estimated based on periodic flow measurements

and an assumed constant rate of hydrologic decay. Based on these data, mean daily flows
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during the June-September 2002 monitoring period ranged from .'12.4 to 107 cfs, and

| averaged 29.7 cfs.

The Rock Creek bypass reach (Rock Creek Reach) is an 8.4-mile section of the NFFR
extending from Rock Creek Dam to the tailrace of Rock Creek Powerhouse. Under the
terms of the FERC License (Dated October 24, 2001), ‘the Licensee released a‘minimum

of 220 cfs in June, and 180 cfs from July.through November in 2002. A rﬁore detailed
discussion of the minimum release requiréments is contained in Appendix A of the FERC

License.

Tﬁe instream flow releases from Rock Creek Dam to the Rock Crgek Reach of the NFFR
are measured af a permanent stream gage located approxirriately 1.5 miles downstream of
the dam. During the June-Septerhber 2002 monitoring period, mean daily ﬂowsA in the
NFFR below Rock Creek Dam (NF-57) fanged from 150 to 1,133 cfs, and averaged 230

cfs.

Milk Ranch Creek is one of several tributaries to the Rock Creek Reach of the NFFR.
Flows in Milk Ranch Creek were monitored using a temporary flow monitoring gage
insfalled near the ﬁlouth. Flows were calculated based on hourly averagé; stage data, and
a rating developed using periodic flow measurements. Mean daily flows during the June-

September 2002 monitoring period ranged from 3.2 to 9.8 cfs, and averaged 5.0 cfs.
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Chambers Creek is another of the streams tributéry to the Rock Creek Reach of the
NFFR Flows' in Chambers Cree_k Were estitﬁated bAas'e‘d on pefiodié flow méa;surements
and an assumed coﬁstant rate of hydrologic decay. Based on these data, meaﬁ daily flows
-during the Jﬁne-September 2002 monitoring period ranged‘ frbm ‘2.5 fo 46.9 cfs, and

averaged 9.6 cfs.

Flows irf Bucks Creek were monitored using.a temporary flow monitoring gage installed
near the mouth. Flow in Bucks Creek originates from Lower Bucks Reservoir. Flows
- were calculated based on hourly averagé stage data, and a rating developed using periodic

flow measurements. Mean fdaily flows during the June-Sépte‘mber 2002 monitoring

period ranged from 10.2 tb 24.1 cfs, and averaged 15.5 cfs.

The source of flow to Bucké Powerhouse is Grizzly ForebayL which receives diversion
flow from Bucks Lake and Lower Bucks Lake. Bucks Powerhouse has a maximum
capacity of 340 cfs; flows are released to the NFFR immediately upstream of Rock Creek

‘Powerhouse. During the June-September 2002 monitoring period, mean daily flow at

Bucks Powerhouse ranged from 0 to 237 cfs, and éveraged 97 cfs (Figure 3-5).

i

The primary outﬂow from Rgc‘k Creek Rese;'voif is throﬁgh an intake structure located on
| the right bank (looking downstream) near Rock Creek Dam IThis intake provides flows
‘. of up to 3,560 cfs to Rock Creek Powefhoh‘se, wﬁich is loclaté_d on the NFFR upstream

Cresta Reservoir. | Durin‘g the June-September 2002 monitor{ng period, mean daily flow
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- at Rock Creek Powerhouse ranged from 97 to 1,744 cfs, and averaged 949 cfs. Figure 3-
5 compares daily average flow through Rock Créek Powerhouse with those from the

other powerhouses associated with the Rock Creek-Cresta Project.

Rock Creek is the last major tributary strégm to the Rock Creek section of the NFFR,;
flows enter the NFFR at the ubper end of Cresta Reservoir. 'Flows in Rock Creek wercv
éstimated based on periodic ﬂow' measurements and an assumed constant rate of
hydrologic decay. Based on these dafa, mean daily flows dﬁring ‘the June-SeptemBer

2002 monitoring period ranged from 1.7 to 44.5 cfs, and éveraged 7.9 cfs.

}:+14:73.1.1.7 Cresta Reach of the NFFR and tributaries

Cresta Reéervoir is located on the NFFR immediately downstream of Rock Creek
- Powerhouse, and acts as the afterbay for this facility. Cresta Reservoir forms.v the
afterbay for Rock Creek PoWerhouse, and is the forebay for Cresta Powerhouse. The
forebay was created by a concrete dam in 1949 and has a maximum -water surfacé
elevation of 1,681.20 ft @SGS datum). The .original capacity of 4,410 acre-feet has

been significantly reduced by accumulated sediments.

Rock Creek flows enter the NFFR at the upper end of Cresta Reservoir. Flows in Rock
Creek were estimated based on periodic flow measurements and an assumed constant rate
of hydrologic decay. Based on these data, mean daily flows during the June-September

2002 monitoring period ranged from 1.7 to 44.5 cfs, and averaged 7.9 cfs.
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/
g

The Cresta bypﬁss reach (Cresta Reach) is a 4.9-mile section of the NFFR extending from
Cresta Dam to the tailrace of Cresta Powerhouse. - Under the terms of the FERC License
(Déted October 24, 2001), the Licensee released a minimuﬁ of 240 cfs-lin June, and 220
c;fs from July through November 2002. "A more detailed discussion of the minimum

release requirements is contained in Appendix A of the FERC License.

* Flows in Grizzly Creek were monitored using a temporary flow monitoring gage installed

Y

near the mouth. Flows were calculated based on. hourly average stage data, and a rating
developed using periodic flow measurements. Mean daily, flows during the June-

September 2002 monitbring period ranged from12.9 to 38.8 cfs, and avéraged 22.4 cfs.

The instream flow feleases from Cresta Dam to the Cr‘est}é Reach of the ‘NFFR are
. fneasureci at a permanent ,stre‘am gage located approxirnately 2.8 miles dowﬁstream of the
dam, and 2.4 milés downstream of Grizzly Creek. During thé June-Sepfember 2002
monitoring period, meaﬁ daily flows in fhé NFFR Bclow Rock Creei( Dam (NF-56)

ranged from 235 to 1,109 cfs, and averaged 277 cfs.

b

The primary outflow from Cresta ReéerQoir is through an intéke.structure located on the
left bank (looking do@nsueérn) ﬁear Cresta Dam. 'This intake provides flows of up to
3,700 cfs to Cresta Powerhousc_z, which is located on the NFFR upstream Poe Reservoir.
During the Juﬁe-S‘ept‘ember 2_002'. monitoring period, mean daily flow at Cresta
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Powerhouse ranged from 12 to 1,898 cfs, and averaged 1,053 ‘cfs. Figure 3-5 compares
daily averagé flow through Cresta Powerhouse with those from the other powerhouses

associated with the Rock Creek-Cresta Project.

+1:23.1.2 Metéorology

3.1.2.1 2002 Regional Precipitation

Mean annuél_precipitation in the uppler NFFR watersheds ranges from a low of 20 inches
(in eastern .portions of the EBNFFR watershed), to a high of 90 inches in the
northwestern part of the watershed né—:ar Mount Lassen (California Data Exchange Center
[CDEC] 2001). Most of the precipitation in the basin occurs from October thrc;ﬁgh May,
with maximum storm intensities occurring December through March. - Winter
precipitation at higher evlevations usually occurs as snow, although warm winter storms
can producé- rain up to the 10,000-ft level. The typical April 1 snow accumulations ranvge
from 2 inches of wéter_ at an elevation of 5,800 fi, to 32 inches of water at 6,700 ft.
(CDEC 2001). Larger snow accumulations occur dn Mount Lassen, with an .a.verag‘e.:
April 1 snow-water-equivalent of 78 inches. The mean annual pfecipitation within _thé
Project areé ranges from about 30 to 40 inches (CDEC 2002). Table 3-2 summarizes

precipitation data from the available stations in the Project vicinity.
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Table 3-2

Summary of Precipitation Data from Meteorological St:itions in the Upper N FFR" Project Vicinity. '

\

Annual

. . : ) Water Year* (inches) )
Station YEAR Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Total
Chester 2002 1.94 4.43 2.45 1.4 217 3.15 2.02 1.67 0 0 0o - 0 19.23
4,525 ft. %of Normal '97%  119% = 47% 23% 41% 78% 93% 114% - 0% 0% 0% 0% 60%
... Average 2.01 1373 5.24 _ 6.00 5.24 4.02 2.18 1.46 0.93 0.23 0.28 - 0.60 31.92
Canyon Dam 2002 1.1 5.19° 8.2 3.84 26 3.54 1.25 1.14 0.02 0 0 0 | 26.88
4,560 ft. "% of Normal 48% 117% 126% 51% 41% 69% 45% 69% 3% 0% 0% 0% 70%
Average 2.28 444 6.49 7.58 6.30 5.11 2.76 1.65 0.78 0.18 0.29 0.58 38.44
Greenville 2002 1.41 828 » 10.87 392 2.39 444 1.52 0.98 0 0 0 0 33.81
RS~ "% of Normal 55%  155% 174% = 54% 38% 83% 57% 63% 0% . 0% 0% 0% . 86%
3,570 ft. Average 2.55 5.35 6.26 7.22 6.26 5.35 2.68 1.55 0.78 - 0.26 0.36 0.78 3940 -
Caribou PH 2002 1.18 6.53 7.39 5.23 251 3.88 1.84 095 - 0.12 0.1 0 0 - 2973
2986ft.. %ofNormal 50% 141% 107% 65% 36% 1% . 60% 56% 15% 91% 0% 0% 73%
Average 2.34 4.62 6.92 799  6.88 5.50 3.06 1.71 0.79. 0.11 020 " 0.55 40.67
* Water year is period October 1 through September 31
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Table 3-2 Continued.

Snow Survey Data from the Greater NFFR Watershed Area

2002 April 1 Water

Average April 1

Elevation Equivalents Water Equivalents
Station _(ft. USGS) (inches) (inches)
Lower Lassen Peak 8,250 79.1 79.8
Mount Dyer 1 7,100 26.6 253
Mount Dyer2 - - 6,050 17.8 16.1
Harkness Flat 6,200 29.8 28.5
Mount Stover 5,600 12.7 16.0
Feather River Meadows 5,400 249 22.6
Warner Creek - 5,100 17.9 14.9
Humbug Summit 2 4,850 13.4 16.1
Chester Flat 4,600 3.6 6.5
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The data from the four stations presented in Table 3-2 broadiy define conditions in the
upstream watersheds and imifnediate Pr'oject‘ area.  Total precipitation during the 2002

water year (October 2001 to September 2002) averaged 72 % ofmnormal (4 stations).

| ++4—231 2.2 2002 Monitorjing at Prattville Intake and Rock Creek Dam

 Two temporary meteorological stations were installed in the Pfoject vicinity during the
2002 monitoring period. One station was located at the ‘.l;rattville Intake oh Lake
Almanor; another station was located on Rock Cfeék Dam. Data from- these stations
were used as input to the SNTEMP mod‘ei for calibration and "vaiidation. . The data

collected at these mevteorologi:cal stations in 2002 are summarized in Table 3-3.
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Table 3-3

Summary of 2002 Meteorological Data from Projéct Area

Prattville Intake Station

Daily Average !

: : ‘Data
Station . Units Year Month Max Min Mean  Days
Air Temperature (°C) 2002 June 20.0 9.5 16.6 30
' 2002 July 25.0 18.1 20.6 31
2002 Aug 234 13.3 18.6 31
2002 Sept 20.1 9.3 153 30 .
Relative Humidity (%) 2002 June 66 37 49 30
2002 July 70 29 45 31
2002 Aug ~ 53 27 41 31
2002 Sept 73 31 43 30
~ "Solar Radiation (watts/S) 2002 June 337 211 305 30
: 2002 July 326 163 286 31
-2002 Aug 287 181 244 31
2002 Sept 220 122 184 30
Wind Speed (mph) 2002  June  4.83 0.94 1.44 30
: 2002 July 1.21 0.93 1.10 31
2002 Aug 2.88 0.99 1.20 31
2002 Sept 3.46 0.83 1.21 30
~ Rock Creek Dam Station
Daily Average ' Data
Station Units  Year Month Max Min Mean  Days
Air Temperature ' (°C)  .2002 . June 25.0 16.5 22.0 30
' : : 2002 July 30.1 23.6 26.0 31
©2002 ©  Aug 29.0 18.7 23.8 31
2002 Sept 25.9 14.5 20.8 30
Relative Humidity (%) 2002 June 55 21 38 30
2002 July 47 23 34 31
2002 Aug 42 20 31 31
2002 Sept 62 22 32 30
Solar Radiation (watts/S) 2002 June 312 238 290 30
2002 July 302 209 279 31
2002 Aug 276 223 248 31
2002 Sept 228 62 193 30
Wind Speed (mph) 2002 June 3.99 2.34 3.26 30
2002 July 3.84 2.17 3.01 31
2002 Aug 3.52 2.40 311 31
2002 Sept 4.31 2.57 3.15 30
1: Base on hourly average data.
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£:23.2 WATER TEMPERATURE

~ 32.1 2002 Monitoring

- As discussed in Section 2.2.3, water temperatures were continuously monitored during
‘the summer of 2002.  Due to the voluminous nature of this data, the information
presented in the following section will summarize the data collected during the

monitoring effort. Appendix A presents a summary of hourly average data.

For consistency with the temperature level specified for th’e‘ Licensee’s Rock Creek
Cresta Project (FERC 1962) ;(Paciﬁc Gas and Electric Company 2000b), daily average
data are used fhroughout this document unless otherwise specified. Table 3-4 summarizes

the daily average water temperature data collected d\iring the 2002 program.
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Table 3-4
Summary of Daily Average Water Temperatures from UNFFR — 2002
Daily Temperatures»l Daily Range * Data
Station Year Month max min mean max min mean Days
NFFR at 2002 June” 154 9.6 12.7 7.5 . 36 6.6 30
Chester 2002 July 16.8 14.7 15.7 7.6 39 6.4 3
. (NF1) =~ 2002 Aug 16.1 12.8. 14.2 6.7 42 5.7 31
' 2002 Sept 14.0 938 11.5 54 2.8 4.4 30
Hamilton 2002 - June 124 10.1 118 - 5.6 3.6 5.1 30
" Branch at 2002 July . 126 11.5 12.00 54 37 49 31
Road bridge 2002 Aug 12.7 11.0 11.8 7.1 39 4.5 31
(HB1) - 2002 Sept - 11.7 93 104 4.1 20 36 30
Hamilton 2002 . June' 134 10.9 12.6 7.9 5.0 7.3 30
Branch 2002 July 14.0 124 133 8.0 53 7.3 21
Powerhouse ©~ 2002 Aug 19.1 16.1 17.5 5.2 34 44 30
(HB2) 2002 ‘Sept 170 95 14.4 51 22 . 38 30
Lake Almanor 2002 June 225 16.9 19.7 41 0.7 1.6 30
at Canyon Dam 2002 July 253 . 217 23.6 23 0.7 1.3 31
near surface 2002 Aug . 254 21.8 231 1.6 . 05 1.0 31
(LA1-S) 2002 Sept 225 181 20.0 1.6 0.3 1.0 30
Lake Almanor 2002 June 93 8.2 89 - 06 0.1 0.2 30
at Canyon Dam 2002 July 104 9.3 9.9 06 . 02 03 31
~ near bottom 2002 Aug 11.2 10.5 10.8 0.7 0.3 0.4 31
| (LA1-B) . 2002 Sept 114 11.1 113 04 0.1 0.3 30
NFFR be‘low' 2002 June 11.9 10.6 113 . 25 0.5 1.0 30
Canyon Dam 2002 July. 13.0 - 118 12.5 1.6 . 05 0.8 31
(NF2) 2002 Aug 134 12.9 13.3 1.0 0.3 0.6 - 31
2002 Sept 14.1 133 13.7 1.7 0.5 1.0 30
,NFFR at 2002 June 14.7 11.8 "13.5 4.6 32 42 . 30
Seneca Bridge 2002 July 15.7 14.2 15.0 4.7 3.0 39 31
(NF3): 2002 Aug 15.6 13.5 14.5 4.0 29 33 31
' 2002 Sept 14.6 122 134 3.0 14 - 25 30
NFFR above . 2002 June 15.6 12.3 14.3 43 20 37 30
Caribou PH 2002 July 16.8 15.0 15.9 4.1 20 33 31
(NF4) 2002 Aug- 163 139 15.0 3.7 23 3.0 31
2002 Sept 15.0 12.1 13.4 30 11 23 30
Butt Valley 2002 June . 16.1 148 . 155 8.4 1.4 34 4
Powerhouse 2002 July 217 17.8 20.2 53 1.2 3.1 29
[Corrected] 2002 Aug 219 204 212 31 0.3 0.8 31
(BV1) 2002 Sept 21.3 17.9 19.3 1.3 0.3 0.6 30
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Table 3-4 (Continued)

4 Daily Temperatures ' ‘Daily Range * Data

Station Year  Month max min’  mean max' . min - mean Days
Butt Valley Res. 2002 June 221 183 20.1 29 5 1.2 30
at Caribou Intake 2002 July: 24 4 22.1 233 20 0.6 11 31
Near surface 2002 Aug 24.0 21.7 227 19 0.5 0.9 31
(BV2-S) 2002 Sept’ 22.2 18.4, 20.1 1.6 ' 03 0.8 30
Butt Valley Res. 2002 June 11.9 94 10.4 0.8 0.2 0.5 30
at Caribou Intake 2002 July 18.5 11.9 15.0 1.6 04 0.8 31
" Near bottom 2002 Aug 20.8 18.7 20.0 0.7 0.1 0.5 31
(BV2-B) 2002 Sept 20.6 18.2 19.3 0.5 0.1 0.2 30
Butt Creek above 2002 June 1s.1. 116 13.9 7.5 5.1 © 6.5 30
Butt Valley 2002 July 16.0 13.7 14.7 7.1 4.7 6.0 31
Reservoir 2002 Aug 14.8 11.9 131 6.2 4.2 5.4 31
(BC1) 2002 Sept 13.1 9.5 11.1 5.0 2.5 4.1 30

i .
Butt Creek below 2002 June 10.7 10.4 10.6 0.7 04 0.6 30
Butt Valley 2002 July 10.8 10.6 107 06, , 04 0.5 31
Reservoir 2002 Aug 10.8 10.5 10.7 0.7 0.5 0.6 31
(BC2) 2002 Sept 10.7 104 10.5 0.6 03 0.5 30
Butt Creek at 2002 June 12.1 10.6 11.5 2.6 1.5 22 30
Mouth - 2002 July 12.8 11.9 12.4. 23 1.4 2.0 31
(BC3) 2002 Aug 12.9 11.7 12.4 24 1.7 1.9 31
2002 Sept 12.6 11.3 12.0- 2.0, - 09 1.6 30
Caribou No. 1 2002 June 13.3 12.3 12.7 1.9 0.1 ‘1.0 5
Powerhouse 2002 July 21.0 16.3 19.3 43 0.6 1.3 29
[corrected] 2002 Aug 219 212 214 26 . 02 0.9 31
(CARBI1Y 2002 Sept 213 182 "~ 197 - 09 . 0.3 0.2 30
CaribouNo.2 2002 - June  21.5 17.4 19.3 41 . 06 1.5 30
Powerhouse 2002 July 24.0 21.9 23.2- 2.7 0.6 1.1 28
[corrected] 2002 ‘Aug 237 215 22,5 1.2 0.3 0.7 31
(CARB2A) 2002 Sept 22.1 18.3 19.9 1.1 03 0.6 30
Belden Reservoir 2002 June 215 181 195 15 0.3 0.6 30
At Intake 2002 July 22.8 19.3 21.5 1.9 0.2 0.7 31
(BD1) 2002 Aug 226 214 219 09 03 0.5 31
2002 Sept 21.7 18.4 19.8 0.6 0.2 0.3 30
NFFR below 2002 June 18.9 15.9 174 14 0.3 0.6 30
Belden Dam 2002 July 21.1 17.8 194 1.3, 0.3 0.8 31
" (NF5) 2002 Aug 21.2 20.2 207 - 07 0.2 0.5 31
2002 Sept 20.9 16.8 18.8 2.8, 0.4 0.5 30
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Table 3-4 (Continued)

. Daily Temperatures T Daily Range * Data
Station Year Month  max min mean max min mean _ Days
Mosquito Creek 2002 June 14.4 114 13.0° 23 1.4 20 30
At mouth 2002 July 156 138 14.7 24 14 2.0 31
(MC1) 2002 Aug 15.3 12.9 13.9 22 1.5 1.8 31
2002 Sept - 13.7 11.3 12.2 1.7 1.0 1.5 30
NFFR near 2002 June 19.0 15.7 17.1 39 2.5 34 30
"Queen Lily 2002 July 21.1 18.1 19.5 4.2 2.6 33 31
Campground 2002 Aug 21.1 19.6 20.3 3.5 2.2 2.8 31
(NF6) . 2002 - Sept 20.9 19.3 18.0 4.7 24 35, 30
NFFR near 2002 June 19.3 16.2 17.5 5.6 3.6 5.0 30
Gansner Bar 2002 July - 213 18.5 19.7 6.0 35 49 . 31
(NF7) 2002 © Aug 211 19.1 20.1 5.4 34 43 31
2002 Sept 20.5 16.1  17.6 5.5 2.6 42 30
East Branch 2002 June 223 17.8 20.8 4.6 25 39 30
NFFR at mouth 2002 July 255 224 23.8 4.0 1.8 29. 31
(EB1) 2002 Aug 243 19.9 21.8 34 1.9 2.5 31
‘ 2002 Sept 21.6 15.9 18.2 2.8 1.1 2.0 30
NFFR at Belden - 2002 June 21.2 17.1 19.4 5.2 4.2 4.7 .30
Town Bridge 2002 July 229 204 214 5.3 35 4.6 31
(NF8) 2002 Aug 223 19.5 20.7 5.2 39 45 31
' 2002 Sept 21.0 161 18.0 44 22 34 30
Belden 2002 June 18.7 17.7 180 1.0 0.4 0.7 7
Powerhouse 2002 July 22.5 19.0 21.2 1.9 0.1 0.6 29
(BD2) 2002 Aug 22.6 214 21.8 1.0 0.1 0.4 31
2002 Sept 21.7 18.3 19.8 0.6 0.2 0.3 30
Yellow Creek 2002 June 17.0 12.3° 15.0 38 1.9 32 30
Near mouth 2002 July 18.6 16.0 17.1 '35 2.0 29 31
(YC1) 2002 Aug 17.7 14.0 15.6 3.1 2.0 29 31
2002 Sept 15.4- 11.8 13.1 22 0.8 1.7 30
Chips Creek 2002 June 16.2 106 - 13.6 5.4 32 4.6 30
Near mouth 2002 July 17.9 154 168 5.8 37 4.9 31
(CHIP) 2002 Aug 17.7 145 15.9 56 4.0 4.7 31
2002 Sept 15.9 12.1 13.7 4.8 1.8 4.0 30
NFFR below Rock  --- - - --- -—- --- --- - -
Creek Dam -—- -—- --- - - - --- - -
(NF9) - - --- “-- - --- --- . ---
NFFR at NF-57 . 2002 June 20.7 20.1 20.3 37 1.4 3.0 S
Insitu Recorder 2002 July 22.5 20.0 213 2.5 0.6 1.7 31
(NF10) 2002 Aug 22.1 20.5 21.2 2.0 1.1 14 31
, 2002 Sept 21.2 17.6 19.1 14 0.3 1.0 30
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Table 3-4 (Continued)

Daily Range * -

. Daily Temperatures ' Data
Station Year Month max Min mean max' | min mean  Days
Milk Ranch Creek 2002 June 16.0 106 . 14.0 53° 3.0 4.7 30
Near mouth 2002 - July 17.9 148 © 164 55 . 32 45 31
(MR1) 2002 Aug 17.2 13.3 15.0 48 3.1 3.9 31
2002 Sept 18.1 1.1, 127 35 1.5 2.7 30
Chambers Creek 2002 - June 16.5 9.0 13.7 6.3 31 5.0 30
Near mouth 2002 July 18.8 14.9 16.9 59 . 34 49 31
(CHAM) 2002 Aug 181 13.9 15.7 57 35 4.7 31
2002 Sept 163 - 11.6 13.8 5.1 1.8 4.1 30
NFFR near Tobin 2002 June 209 16.0 18.6 5.1 3.0 39 30
Blw Granite Crk - 2002 July 22.8 202 215 43 26 . 35 31
(NF11) 2002  Aug 225 19.8 21.0 4.1 2.7 3.2 31
2002 Sept 21.0 17.3 18.8 35 1.5 2.7 30
Jackass Creek 2002 June 16.5 9.6 14.1 64 4.2 54 30
Near mouth 2002 July 18.9 15.0 17.0 6.1 32 4.6 -3
(JKC1) 2002 Aug 183 13.7 15.9 4517 29 - 37 31
2002 Sept 16.5 12.2 14.2 39 14 31 30
NFFR abv Bucks 2002 June 21.0 15.9 18.6 52 2.7 3.6 30
Creek 2002 July 229 -20.2 21.6 38 22 29 31
(NF12) 2002 Aug 22.6 19.7 21.0 36 . 24 2.8 31
2002 Sept 21.1 17.2 18.8 3.7 1.3 2.5 30
Bucks Creek 2002 June 18.1 12.4 16.0 7.0 4.1 6.0 30
Near Mouth 2002 July 204 16.8 18.6 7.2 39 5.7 31
(BUCK1) 2002 Aug 19.3 14.8 -16.9 6.2, 35 4.8 31
2002 Sept 17.1 12.0 14.0 4.6 1.6 35 30
Bucks Creek 2002 June 18.6 132 15.6 29 0.0 . 1.4 27
Powerhouse 2002 July 18.9 15.6 16.7 3.6 03" 1.1 26
(BUCK2) 2002 Aug 15.5 13.5 143 45 0.3 15 21
2002 Sept 13.7 126 . 13.0 2.3 - 0.2 0.6 30
NFFR abv Rock 2002 June  21.0 15.8 18.6 4.6 2.0 31 30
Creek Powerhouse 2002 July 228 - 194 20.7 4.6 1.9 33 31
(NF13) 2002 Aug 21.8 17.6 19.3 53 1.9 .37 31
” 2002 Sept 18.1 150 163 45" 1.7 2.9 30
Rock Creek 2002 June 201 16.1 18.1 18 02 .09 . 30
Powerhouse 2002 July 22.6 196- 213 14 02 0.8 31
(RC1) 2002 Aug 226 21.0 21.7 1.5 0.3 0.9 31
‘ 2002 Sept 21.7 18.4 19.8 0.4 0.8 31

14 |
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Table 3-4 (Continued)

(MB1) 2002  Sept 199 162

Daily Temperatures ' Daily Range * Data

Station Year Month max Min ' mean max min mean Days
Rock Creek 2002 June 17.6 114 14.8 3.6 14 2.3 30
Near mouth 2002 July 19.7 16.5 18.1 2.7 1.47 2.1 31
(RC2) 2002 Aug 193 156 171 .23 13 1.8 31
2002 Sept 17.1 13.7 14.8 1.9 04 1.3 30
NFFR abv Grizzly 2002 June 20.8 16.7 18.4 1.5 0.7 1.1 30
Creek 2002 July -~ 222 20.3 21.2 1.6 0.5 1.0 31
(NF14) 2002 Aug 21.9 19.6 20.7 1.6 0.5 1.1 31
. 2002  Sept 205 .17.1- 185 1.3 0.3 0.8 30
Grizzly Creek 2002 June 18.3 12.7 15.9 4.0 2.7 3.6 30
Near mouth 2002 July 20.8 17.8 19.3 44 27 3.6 31
(GR1) 2002 - Aug 20.5 16.4 18.0 38 2.6 31 31

2002 Sept 17.8 13.5 15.0 29 0.8 2.1 30 .
NFFR at NF-56 2002 June 20.9 16.2 18.4 32 1.0 2.6 30
blw Grizzly Crk 2002 July 22.1 204 21.3 3.2 1.8 25 - 31
(NF15)- 2002 Aug 22.0 19.5 20.6 3.1 1.0 23 30
2002 Sept 20.5 16.9 18.4 2.6 0.9 31 30
NFFR abv Cresta 2002 June’ 21.2 164 = 187 35 2.1 3.1 30
Powerhouse 2002 July 22.6 20.9 21.7 37 2.1 2.8 31
(NF16) 2002 Aug 224 196 20.9 3.1 1.6 24 31
2002 Sept 20.7 17.1 185 . 3.0 1.0 2.1 30
_ Cresta 2002 June 20.8 16.3- 18.5 1.7 0.1 0.7 30
Powerhouse 2002 July 22.5 20.4 21.4 1.3 0.1 0.8 30
(CR1) 2002 Aug 22.5 20.1 21.0 1.8 0.4 1.1 31
2002 Sept 20.7 17.3 18.7 1.6 0.3 0.6 30
Middle Fork 2002 June 21.1 15.2 18.2 33 1.4 2.5 30

Feather River 2002 July 233 20.5 21.9 3.7 20 3.0 31
At Milsap Bar 2002 - Aug 22.9 18.6 20.3- 3.0 2.1 2.6 - 31
17.3 2.6 1.6 2.2 26

1. Daily values are based on hourly average data, month statistics represent the
maximum, minimum, and mean based on these hourly average temperatures. For
example, the maximum June temperature represents the maximum daily average

measured in June. See Appendix A for a summary of hourly data.

2. Daily range is calculated based on the daily maximum temperature minus the daily
minimum temperature. Monthly statistics are based on these daily range values.
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" 1:1:1:43.2.1.1 Lake Alnianor and Tr